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ABSTRACT 
 
Some Sudanese herbalistis believed that the fruits of Acaia nilotica 
and Zizohus spina christi can cure sore throat infection. The two plants 
have been tested in the present study to investigate their in vitro potential 
effect aganist the bacteria associated with sore throat infection.         
A total of ٣٠ throat swabs were collected randomly in Khartoum 
state from patients of different ages and sexes suffering from sore throat 
infection during the period March ٢٠٠٤ to June ٢٠٠٤. 
The Gram positive bacteria isolated were Streptococcus pyogenes 
(٤٦,٧%), Streptococcus pneumoniae (٣٠%), Staphylococcus aureus (١٣,٣%), 
Staphylococcus hemolyticus (٦,٧%), Actinomycesis israelii (٦,٧%), 
Staphylococcus capitis (٣,٣%), Corynebacterium diphtheriae (٣,٣%) and 
Corynebacterium ulcerans (٣,٣%) . The Gram negative bacteria isolated 
was Haemophilus influenzae (٣٠%). 
Antibiotic sensitivity test were done for each isolate. The majority 
of the isolates were sensitive to Ampicillin (٩٧,٦٧%) and Penicillin 
(٩٣,٠٢%). However, some of them (٧٢,٠%) were resistant to Cloxacillin. 
 Acaia nilotica and Zizohus spina christ fruits were extracted by 
water then the extracts were tested for their antibacterial activity by 
impregnated filter paper discs methods. Three differrent concentrations 
of the extracts were examined ١٠%, ٢٠% and ٣٠%.  
Water extract of Acacia nilotica inhibited the growth of many 
bacteria isolated in this study. The most effective concentration was ٣٠% 
concentration as ٦٧,٤٤% of the isolates showed growth inhibtion at this 
concentration while ٥٨,١٣% at ٢٠% and ٥٣,٤٨% at ١٠% concentration. The 
most sensitive species to ٣٠% concenration of Acacia nilotica were 
Streptococcus pyogenes and Streptococcus pneumoniae. 
Water extract of Zizphus spina christi showed weak effect on the 
bacterial growth of the isolates in this study as ١٦,٢٧% of the isolates 
showed growth inhibtion at ٣٠% concentration, ١٣,٩٥% of the isolates 
showed growth inhibtion at ٢٠% concentration and ٤,٦٥% at the  
concentration ١٠%. The most senstive species to ٣٠% concentration of 
Zizphus spina christi was Streptococcus pyogenes. 
In the present study Acacia nilotica extract was found to be 
effective aganist the bacteria associated with sore throat infection while 
Zizphus spina christi had a weak effect. 
In this investigation, Acacia nilotica was found to be more 
effective than Chloramphenicol, Erythromycin and Cloxacillin for 
treatment of sore throat infection in Khartoum state and equally effective 
as Tetracycline but it was less effective than Ampicillin, Penicillin, 
Gentamycin and Streptomycin for treatment of sore throat infection in 
Khartoum state. While Zizphus spina christi was found to be less 
effective than Ampicillin, Erythromycin, Gentamycin, Chloramphenicol, 
Cloxacillin, Streptomycin, Tetracycline and Penicillin for treatment of 
sore throat infection in Khartoum state. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  وﺣﻪﻃﺮﻣﻠﺨﺺ اﻷ
اﺧﺘﺒﺮت  .ﻟﺘﻬﺎب اﻟﺤﻠﻖإﺎﺑﻴﻦ اﻟﺴﻮداﻧﻴﻮن أن ﺛﻤﺎر اﻟﻘﺮض واﻟﺴﺪر ﺗﻌﺎﻟﺞ ﻳﻌﺘﻘﺪ ﺑﻌﺾ اﻟﻌﺸ
  .  اﻟﺤﻠﻖاﻟﻤﺴﺒﺒﺔ ﻻﻟﺘﻬﺎبﺗﺎﺛﻴﺮهﺎ ﻋﻠﻲ اﻟﺒﻜﺘﺮﻳﺎ اﻟﺪراﺳﻪ اﻟﺤﺎﻟﻴﻪ هﺬﻩ اﻟﻨﺒﺎﺗﺎت ﻣﻌﻤﻠﻴﺎ ﻟﻤﻌﺮﻓﻪ 
ﺷﺨﺎص ﻣﺼﺎﺑﻴﻦ ﺑﺎﻟﺘﻬﺎب اﻟﺤﻠﻖ ﻣﻦ وﻻﻳﻪ اﻟﺨﺮﻃﻮم ﻓﻲ  ﻣﺴﺤﻪ ﻣﻦ اﻟﺤﻠﻖ ﻷ٠٣ﺟﻤﻌﺖ 
 واﻟﺒﻜﺘﺮﻳﺎ اﻟﺘﻲ ﻋﺰﻟﺖ اﺷﺘﻤﻠﺖ ﻋﻠﻲ ﺑﻜﺘﺮﻳﺎ ﻣﻮﺟﺒﻪ ٤٠٠٢ اﻟﻲ ﻳﻮﻟﻴﻮ ٤٠٠٢ ﻣﻦ ﻣﺎﻳﻮ اﻟﻔﺘﺮﻩ
  :هﻲ  ﺟﺮام ﺔ ﺟﺮام واﻟﺒﻜﺘﺮﻳﺎ اﻟﻤﻮﺟﺒﻪ ﻟﺼﺒﻐﺔ ﺟﺮام وﺑﻜﺘﺮﻳﺎ ﺳﺎﻟﺒﻪ ﻟﺼﺒﻐﺔﻟﺼﺒﻐ
  :  اﻟﻤﻜﻮرات اﻟﻌﻨﻘﻮدﻳﻪ وﺗﺸﻤﻞ
  dna ٪٣٫٣ sitipac succocolyhpatS ,٪٣٫٣١ suerua succocolyhpatS
   .٪٧٫٦ sucitylomeh succocolyhpatS
 :واﻟﻤﻜﻮرات اﻟﺴﺒﺤﻴﻪ وﺗﺸﻤﻞ
  ٪٠٣ eainomuenp uccocotpertS dna ٪٧٫٦٤ senegoyp succocotpertS
   :واﻟﻮﺗﺪﻳﺎت وﺗﺸﻤﻞ
 .٪٣٫٣ snareclu muiretcabenyroC dna ٪٣٫٣ eairehthpid muiretcabenyroC
  :واﻻآﺘﻴﻨﻮﻣﺎﻳﺲ وﺗﺸﻤﻞ
 .٪٧٫٦ iilearsi  secymonitcA  
  : ﻟﺼﺒﻐﻪ ﺟﺮام ﺗﺸﻤﻞاﻣﺎ اﻟﺒﻜﺘﺮﻳﺎ اﻟﺴﺎﻟﺒﻪ
 .%٠٣ eazneulfni sulihpomeaH
ن آﻞ أﻋﺰﻟﺖ ﻣﻦ اﻟﻤﺮض وﺟﺪ ﻀﺎدات اﻟﺤﻴﻮﻳﻪ ﺿﺪ اﻻﻧﻮاع اﻟﺘﻲ  اﻟﻤﺔ ﻓﺎﻋﻠﻴﺔوﻋﻨﺪ دراﺳ
   .      %٩٠٫٢٧  وﻣﻘﺎوﻣﻪ ﻟﻌﻘﺎر آﻠﻮآﺰاﺳﻠﻴﻦ% ٧٦٫٧٩ اﻻﻧﻮاع اﻟﻤﻌﺰوﻟﻪ ﺣﺴﺎﺳﻪ ﻟﻌﻘﺎراﻻﻣﺒﺴﻠﻴﻦ
ﻟﺴﺪر ﺛﻢ اﺧﺘﺒﺮت ﺛﻼﺛﺔ ﺗﺮاآﻴﺰ ﻓﻲ هﺬﻩ اﻟﺪراﺳﻪ ﺗﻢ اﺳﺘﺨﺪام اﻟﻤﺎء ﻻﺳﺘﺨﻼص اﻟﻘﺮض وا
ﺑﻄﺮﻳﻘﻪ اﻗﺮاص ورق ﺗﻢ اﺧﺘﺒﺎر اﻟﻤﺴﺘﺨﻠﺼﺎت . %٠٣و% ٠٢ ، %٠١ﻣﻦ هﺬﻩ اﻟﻤﺴﺘﺨﻠﺼﺎت 
 اﻟﺒﻜﺘﺮﻳﺎ وآﺎن ﺔن ﻣﺴﺘﺨﻠﺺ اﻟﻘﺮض ﺛﺒﻂ ﻧﻤﻮ ﻏﺎﻟﺒﻴﻪ اﻟﻨﺘﺎﻳﺞ أﻇﻬﺮت أاﻟﺘﺮﺷﻴﺢ اﻟﻤﺸﺒﻌ
ﺛﺒﻂ % ٠٢ﻤﺎ اﻟﺘﺮآﻴﺰ ﻣﻦ اﻟﺒﻜﺘﺮﻳﺎ ﺑﻴﻨ% ٤٤٫٧٦آﺜﺮ ﻓﺎﻋﻠﻴﻪ ﺣﻴﺚ ﺛﺒﻂ ﻧﻤﻮهﻮ اﻷ% ٠٣اﻟﺘﺮآﻴﺰ
  %. ٨٤٫٣٥ ﺛﺒﻂ ﻧﻤﻮ % ٠١اﻟﺘﺮآﻴﺰ و%   ٣١٫٨٥ﻤﻮﻧ
 :هﻲ ﻟﻤﺴﺘﺨﻠﺺ اﻟﻘﺮض ﻴﺔﻧﻮاع اﻟﺒﻜﺘﺮﻳﺎ ﺣﺴﺎﺳأآﺜﺮ أن  أووﺟﺪ 
  .٪٦٦٫٦٦ eainomuenp uccocotpertS   ٪٤١٫٧٥  senegoyp succocotpertS
اﻟﺤﻠﻖ ﺣﻴﺚ ﺘﻬﺎب ﻟ ﻹ اﻟﻤﺴﺒﺒﻪﻣﺴﺘﺨﻠﺺ اﻟﺴﺪر ﻓﻜﺎن ﻟﻪ ﺗﺎﺛﻴﺮ ﺿﻌﻴﻒ ﻋﻠﻲ اﻟﺒﻜﺘﺮﻳﺎاﻣﺎ 
%  ٥٩٫٣١ﺛﺒﻂ ﻧﻤﻮ%   ٠٢ﻣﻦ اﻟﺒﻜﺘﺮﻳﺎ واﻟﺘﺮآﻴﺰ%  ٧٢٫٦١  ﺛﺒﻂ ﻧﻤﻮ.% ٠٣ اﻟﺘﺮآﻴﺰوﺟﺪ ان
  %. ٥٦٫٤ﺛﺒﻂ ﻧﻤﻮ%  ٠١واﻟﺘﺮآﻴﺰ
  :هﻲ  ﻟﻤﺴﺘﺨﻠﺺ اﻟﺴﺪرﺔﻧﻮاع ﺣﺴﺎﺳﻴآﺜﺮ اﻷأن أوﻗﺪ وﺟﺪ 
 .٪٢٤٫١٢  senegoyp succocotpertS
 ﻣﻦ اﻟﻜﻠﻮراﻣﻔﻨﻴﻜﻮل أن ﻣﺴﺘﺨﻠﺺ اﻟﻘﺮض أآﺜﺮ ﻓﻌﺎﻟﻴﺔ ﻓﻲ هﺬا اﻟﺒﺤﺚ وﺟﺪ
 ﻣﻦ اﻻﻣﺒﺴﻠﻴﻦ ﺔواﻗﻞ ﻓﻌﺎﻟﻴﻠﻴﻦ وﻣﺴﺎوي ﻓﻲ اﻟﻔﻌﺎﻟﻴﻪ ﻟﻠﺘﺘﺮاﺳﺎﻳﻜﻠﻴﻦ اﻻرﻳﺴﺮوﻣﺎﻳﺴﻴﻦ واﻟﻜﻠﻮآﺴﺎﺳ،
ﺘﺨﻠﺺ اﻟﺴﺪر ﻓﻘﺪ وﺟﺪ ﻣﺎ ﻣﺴأ. ﻟﺘﻬﺎب اﻟﺤﻠﻖإﺮﺑﺘﻮﻣﻴﺴﻴﻦ واﻟﺠﻨﺘﻤﺎﻳﺴﻴﻦ ﻓﻲ ﻋﻼج اﻻﺳﺘ،واﻟﺒﻨﺴﻠﻴﻦ 
 ،واﻟﻜﻠﻮآﺴﺎﺳﻠﻴﻦ ،اﻻرﻳﺴﺮوﻣﺎﻳﺴﻴﻦ، اﻟﻜﻠﻮراﻣﻔﻨﻴﻜﻮل، واﻟﺒﻨﺴﻠﻴﻦ،  ﻗﻞ ﻓﻌﺎﻟﻴﻪ ﻣﻦ  اﻻﻣﺒﺴﻠﻴﻦأﻧﻪ أ
  .ﻟﺘﻬﺎب اﻟﺤﻠﻖإﺮﺑﺘﻮﻣﻴﺴﻴﻦ واﻟﺠﻨﺘﻤﺎﻳﺴﻴﻦ ﻓﻲ ﻋﻼج ﺘاﻻﺳ، اﻟﺘﺘﺮاﺳﺎﻳﻜﻠﻴﻦ
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 INTRODUCTION 
The throat infection is uniquely predisposed to infection by 
bacteria, viruses or fungi. Bacteria cause serious throat infection that can 
lead to many complications such as tonsillitis and rheumatic fever. 
Rheumatic fever is the most serious complication of sore throat infection 
because it results in damage to heart muscle and valves. 
The extensive uses of antibiotic for treatment of sore throat 
infection lead to the emergence of strains of bacteria which are resistant 
to these antibiotics. To solve this problem we have to look for alternative 
medicine instead of the antibiotics that bacteria showed resistance to it. 
In folklore medicine, some Sudanese herbalist believed that some herbs 
such as Acacia nilotica and Zizphus spina christi fruits can cure throat 
infection.          
The objectives of this study are: 
i To isolate and identify the aerobic bacteria associated with sore 
throat infection. 
ii To determine the antibiotic sensitivity of each isolates.  
iii To examine the possibility of herbal medicine Acacia nilotica and 
Zizphus spina christi fruits for treatment of sore throat infection.  
CHAPTER ONE 
١.                                    LITERATURE REVIEW 
١٫١  Normal flora of the mouth and upper respiratory tract: 
 The mucous membrane of the mouth and pharynx are often sterile at 
birth but may be contaminated by passage through the birth canal. The 
predominate  organisms in the upper respiratory tract are non-hemolytic 
and alpha-hemolytic Streptococcus and Nisseria. Staphylococcus, 
Diphtheroide, Haemophilus, Pneumococci, Mycoplasma and Prevotella 
are also ecountered (Geo et al., ٢٠٠١). 
١٫٢     Respiratory tract infections: 
١٫٢٫١  Streptococcal throat infection: 
 Many streptococci are members of the normal flora of the human 
body. They produce disease only when established in parts of body 
where they don’t normally occur (Geo et al., ٢٠٠١). Lancefield groups A, 
B, C and G streptococci are the major groups of beta hemolytic 
streptococci that cause bacteremia. The major reservoir for group A and 
B Streptococci is human (Woo et al., ٢٠٠١). The most common infection 
due to B hemolytic streptococci is streptococcal sore throat .Virulent 
group A streptococci adhere to pharyngeal epithelium by means of 
lipotechoic acid covering surface pili (Geo et al., ٢٠٠١). 
 Streptococcus pyogenes throat infection can lead to suppurative 
complication like peritonsillar cellulitis and abscesses (Bisno et al., 
٢٠٠٠). Nonsupparative complication of streptococcal pharyngitis, acute 
rheumatic fever and glomerulonephritis are rare. Streptococcus pyogenes 
can also colonize the throat of asymptomatic persons (Quinn, ١٩٨٩). 
From the throat streptococci may spread to surrounding tissue causing 
otitis media, mastoditis and suppurative adenitis. It may also cause 
meningitis (Geo et al., ٢٠٠١). 
 Pharyngitis due Streptococcus pyogenes is one of the most 
common bacterial infections seen in general practice, accounting for a 
significant number of physician office visits per year (Tack et al., ١٩٩٨). 
Although group A beta hemolytic streptococci are responsible most 
frequently for Streptococcal pharyngitis, pharyngitis may result from 
infection with other lancefield Streptococcal groups, e.g. group C and G 
organisms have been implicated as cause of exudative pharyngitis 
(Benjamin and Perriello, ١٩٧٦; Hill et al., ١٩٦٩). 
 Streptococcal infection of the upper respiratory tract does not 
usually involve the lung. Pneumonia due to B-hemolytic streptococci is 
rapidly progressive and severe and is not commonly a sequel to viral 
infection (Geo et al., ٢٠٠١).   
    Streptococcus pyogenes is an important pathogen causing 
pharyngitis, scarlet fever, impetigo, erysipelas, cellulitis and nacrotizing 
fascitis (Jalava et al., ٢٠٠٤). Although patients recover clinically without 
antibiotic therapy, treatment is recommended to hasten clinical 
resolution, to prevent rheumatic fever (Dajani et al., ١٩٩٥) and to reduce 
the incidence of locally invasive infection (Tack et al., ١٩٩٨). 
    The throat carriers shed the organism during speaking, coughing 
and sneezing on exposed surface and in the air. Nose carriers also shed 
the organism on their clothes, floor, dust, bedding, books and their 
vicinity; and the streptococci will remain alive for days, weeks and 
months if shielded from day light (Omer, ١٩٩٠). 
 Streptococcus pneumoniae is a normal inhabitant of the upper 
respiratory tract of ٥-٤٠٪ humans (Geo et al., ٢٠٠١). Streptococcus 
pneumoniae remains a major cause of morbidity and mortality in 
underdeveloped and developed parts of the world, and resistance to 
common antibiotics is widespread (Tomaz, ١٩٩٧; Crook and Sprat, 
١٩٩٨; Charpentier and Tuomanen, ٢٠٠٠; David et al., ٢٠٠٣). In 
immuno- compromised people, the elder and young children, 
Streptococcus pneumoniae that initially colonized the nasopharynx may 
spread to distant sites such as the inner ear, lower respiratory tract, or 
blood stream and causes diseases ranging from otitis media to pneumonia 
to meningitis (Gillespie and Balakrishnan, ٢٠٠٠; McCullers and 
Tuomanen, ٢٠٠١; David et al., ٢٠٠٠٢). Death rate is high in old age 
(over ٦٥ years) and young children (below ٥ years) (Omer, ١٩٩٠). 
   Diagnostic procedures for streptococcal pharyngitis have 
traditionally made use of culture methods in clinical laboratories. During 
the past several years, advance in immunology have led to the 
development of rapid detection methods. These new technologies have 
created a shift in the testing from the laboratory to the office of 
physician. Results are available in ٥ to ١٥ minutes compared with the ١٨ 
to ٢٤ hours required for traditional culture methods (Huck et al., ١٩٨٩). 
١٫٢٫٢ Staphylococcal infections: 
 Most human harbor staphylococci on the skin and in the nose or 
throat. Staphylococci particularly Staphylococci epidermidis, are 
members of the normal flora of the human skin, respiratory and 
gastrointestinal tracts (Geo et al., ٢٠٠١). 
 Staphylococcus aureus is usually a secondary pathogen in patients 
with chronic lung disease (MacSween and Whaly, ١٩٩٢). It is an 
opportunistic pathogen found in the nose and skin of healthy people 
(Omer, ١٩٩٠). It causes infections in tissues and sites with lowered host-
resistance, e.g.: damaged skin and mucous membranes or haematoma. 
Staphylococcal disease may be classified as deep infection, acute 
tonsillitis, sinusitis, pneumonia and breast abscess (Satish, ١٩٩٥). 
١٫٢٫٣ Klebsiella infections: 
 Klebsiella pneumoniae is present in the upper respiratory tract, 
causes a small proportion of bacterial pneumonia (Geo et al.,٢٠٠١). It is 
opportunist pathogen; it may produce pyogenic infection like abscess, 
infections of wound, or respiratory tract (Satish, ١٩٩٥).  
١٫٢٫٤ Corynebacterium infections: 
 Corynebacterium diphtheriae is localized on the mucous 
membrane of the nasopharynx and tonsils (Omer, ١٩٩٠). Diphtheritic 
inflammation of the respiratory tract, results in  inflammatory exudates 
and necrosis of the mucosal cells which causes sore throat and fever (Geo 
et al., ٢٠٠١; Omer, ١٩٩٠). 
١٫٢٫٥ Haemophilus infections: 
             These are Gram-negative rods or coccobacili, often markedly 
pleomorphic, non-motile, aerobic and facultatively anaerobic, oxidase 
and catalase reaction vary between species and strains. Nitrate is reduced 
to nitrite. They are fastidious and require media containing X (Haemin or 
other prophyrins) and Co-enzyme A (nicotinomide adenine dinucleotide 
or its phosphate) factors and undefined constituents of the blood (Barrow 
and Feltham,١٩٩٣).   
Haemophilus influenzae is found on the mucous membranes of the upper 
respiratory tract in humans. It is an important cause of meningitis in 
children and occasionally causes respiratory tract infections in children 
and adults (Geo et al., ٢٠٠١).  
١٫٢٫٦   Neisseria infections: 
         Humans are the only natural hosts for whom meningococci are 
pathogenic. The nasopharynx is the portal of entry (Geo et al., ٢٠٠١). 
Nasopharyngeal swabbing substantially under estimates carriage of 
Neisseria meningitides s(Greiner et al., ٢٠٠٢). It was the leading cause of 
bacterial meningitis of children (MacLennan et al., ٢٠٠٠; Schuchat et al., 
١٩٩٧). 
١٫٣ Virus infections: 
          The upper respiratory tract is an important site for hosts defense 
against invading pathogens, since it is the site at which inhaled antigens 
first come into contact with immune system (Kuper et al., ١٩٩٢). Only 
half of the pneumonias are viral in origin, the others being secondary to 
bacterial or fungal super infections (Whimbey et al., ١٩٩٦). Severe 
disease has also been reported in solid-organ transplant recipients, 
particularly in the early post transplantation period (Apalsch et al., 
١٩٩٥). Most sore throat infections are due to viral infection. Many 
infections remain localized in the respiratory tract, although some viruses 
produce their disease symptoms following systemic spread (Geo et al., 
٢٠٠١). 
١٫٣٫١ Common cold:     
Rhinoviruses and Corona viruses are responsible for the common 
cold in ٢٠ to ٤٠٪ and ١٠ to ١٥٪ of cases, respectively. Typical symptoms 
include coryza, sneezing, lacrimation, and chilliness that last for ٢ to ٧ 
days. No fatalities have been reported, but these infections may 
predispose individuals to more serious complications such, as sinusitis, 
otitis media and asthma (Aitken and Jeffries ٢٠٠١). Human rhino virus 
cause an estimated one-third to one-half of all acute respiratory tract 
infections throughout the year (Couch, ١٩٩٦; Monto, ١٩٩٤ ) and account 
for the majority of respiratory illness during spring and fall (Gern and 
Busse, ١٩٩٩). 
Infection with rhino virus are usually limited to the upper 
respiratory tract, however, these viruses have also been shown to be 
involved in acute otitis media (Arola et al., ١٩٨٨), sinusitis (Pitkaranta et 
al., ١٩٩٧) and lower respiratory tract infections (Couch, ١٩٩٦; Olive et 
al., ١٩٩٠). 
 ١٫٣٫٢   Influenza:   
           Influenza A and B virus infections are characterized by the sudden 
onset of fever, coryza, sore throat and headache. The symptoms typically 
last about ٧ days with some patients developing protracted cough. During 
major epidemics, severe illness and death from primary viral or 
secondary bacterial pneumonia can occur, usually in the elderly and the 
immunocompromised (Aitken and Jeffries ٢٠٠١). Influenza infections 
cause cellular destruction and desquamation of superficial mucosa of the 
respiratory tract but don’t affect the basal layer of epithelium (Geo et al., 
٢٠٠١). 
١٫٤   Antimicrobial Drugs activity: 
 An ideal antimicrobial agent exhibits selective toxiticity, this term 
implies that the drug is harmful to a parasite without being harmful to the 
host. Selective toxicity may be a function of specific receptor required 
for attachment, or it may depend on the inhibition of biochemical events 
essential to the parasite but not the host. Antimicrobial antibiotics and 
sulphanomids have no effect on viruses (Geo et al., ٢٠٠١). 
١٫٤٫١ Antimicrobial resistance: 
Many organisms produce mutant that are resistant to most drugs 
that they would ordinarily be susceptible to in the wild state (Carter, 
١٩٨٦). 
Most of antimicrobial resistance which is now making it difficult 
to treat some infectious disease, resistance might be  due to the extensive 
use and misuse of antimicrobial drugs which have favoured emergence 
and survival of resistant strains of microorganisms (Cheesburgh, ٢٠٠٠). 
All beta haemolytic group A streptococci are sensitive to penicillin G 
(Geo et al., ٢٠٠١) and it has been the gold standard (or drug of choice) 
for treatment of streptococcal pharyngitis (Kaplan et al., ١٩٩٧; Dajani et 
al., ١٩٩٥; Jasir et al., ٢٠٠٠) and for many years it affected consistent 
microbiologic eradication rate of over ٩٠٪ (Feldman et al., ١٩٨٧). 
 Most of beta-hemolytic group A streptococci are sensitive to 
erythromycin (Geo et al., ٢٠٠١) and some are resistant to tetracycline. 
The first reports of erythromycin-resistant isolates of Streptococcus 
pyogenes from human clinical sources appeared in ١٩٥٩ (Lowbury et al., 
١٩٥٩). 
The development of resistance by Staphylococcus aureus in 
response to penicillin and tetracycline is usually low, occurring at slow 
rates over considerable period of time and exposure (Carter, ١٩٨٦). Many 
strains of Haemophilus influenzae are susceptible to ampicillin and most 
strains are susceptible to chloramphenicol. Antimicrobial drugs 
(penicillin, erythromycin) inhibit the growth of diphtheria bacilli (Geo et 
al., ٢٠٠١). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
١٫٥    Folkloric Medicine: 
             Plants normally grow on different soils which are extremely rich 
in microorganisms and infection remains a rare event. To keep out 
potential invaders, plant produces a wide range of selective antibacterial 
compounds either in a constitutive or an inducible manner (Cammue et 
al., ١٩٩٢). Among these compounds several low molecular weight 
proteins or peptides with antibacterial or antifungal activity have been 
isolated in recent years from various plants (Terras et al., ١٩٩٢ ;Hejgaard 
et al., ١٩٩٢; Roberts and Selitrennikoff, ١٩٨٦) and are believed to be 
involved in defense mechanism against phytopathogenic fungi by 
inhibiting microorganisms growth through diverse molecular modes, 
such as binding to chitin or increasing the permeability of the fungal 
membranes or cell wall (Dahot, ١٩٩٨ ). Another strategy followed plants 
to thwart invaders is based on the localized production of antimicrobial 
known as phytoalexins (Van et al., ١٩٨٩; Maher et al., ١٩٩٤). Moreover, 
the synthesis of many presumed defense related proteins are induced 
when plants are confronted with pathogens (Linthorst, ١٩٩١). 
Medicinal plants have been used for centuries as remedies for 
human disease because they contain components of therapeutic value 
(Nastra et al., ٢٠٠٠). 
Recently, the acceptance of traditional medicine as an alternative 
form of health care and the development of microbial resistance to 
available antibiotics has led authors to investigate the antimicrobial 
activity of medicinal plants (Bisignano et al., ١٩٩٦; Lis-Balchin and 
Deans, ١٩٩٦; Maoz and Neeman, ١٩٩٨; Hammer et al., ١٩٩٩). 
Moreover, the increasing use of plant extracts in the food, cosmetic 
and pharmaceutical industries suggest that, in order to find active 
compounds, a systematic study of medicinal plants is very important 
(Nostra et al., ٢٠٠٠). 
              In recent years several reports have been published on the 
scientifically confirmed antimicrobial activity of some natural products 
derivers from plants (Akendengue et al., ٢٠٠٢; Cosentino et al., ١٩٩٩; 
Delorenzi et al., ٢٠٠١; Delorenzi et al., ٢٠٠٢; Kayser et al., ٢٠٠٣; 
Mangena and Muyima, ١٩٩٩; Neal et al., ١٩٨٥; Oketch et al., ١٩٩٧). 
In the Sudan, medicinal folklore passed from one generation to 
another but has never been documented. The Medicinal Plant and 
Aromatic Plant Research Institute has drawn and urgent short-term 
objective to issue an atlas of medicinal plants in Sudanese folklore 
medicine (El Ghazali et al., ١٩٩٤).  
١٫٥٫١ Classification of Zizphus spina christi: 
 Zizphus spina christi is used for many medicinal purpose in folklore 
medicines and it belong to: 
 Family:               Rhamnaceae. 
Synonyms:           Rhamnus spina christi; Zizphus africana.   
Arabic name:       Al sider (tree) (Figure ١), Al nabag (fruits) (Figure ٢ 
       and figure ٣). 
Distribution:      wide spread throughout the Sudan. 
١٫٥٫٢    Chemical constituent of Zizphus spina christi:  
            The fruits of Zizphus species have higher contents of protein and 
vitamins A and C than apples (Anonymous, ١٩٧٦). The mineral content 
of calcium, phosphorus and iron in Zizphus fruits is also reported as 
being higher than in apples and even oranges (Jawanda and Bal, ١٩٧٨). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Figure ١: The tree of Zizphus spina christi . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Figure ٢: The fruits of Zizphus spina christi . 
 
 
 
 
 
   Figure ٣: The fruits of Zizphus spina christi. 
 
 
١٫٥٫٣  Classification of Acacia nilotica : 
Acacia nilotica subsp nilotica is belong to: 
Family:               Mimosaceae. 
Synonyms:         Mimosa nilotica; Acacia arabica. 
Arabic names:    Sunot (tree) (Figure ٤), Garad (fruit). 
Distribution:       wide spread throughout the Sudan. 
١٫٥٫٤   Chemical constituent of Acacia nilotica:  
Various flavonoids and phenolic compounds have been isolated 
from the flowers whereas tannins, gallic acid and m-digallic acids were 
reported from the pods, epoxy, and hydroxy fatty acids from the bark and 
dap respectively (El Ghazali et al., ١٩٩٤). 
١٫٥٫٥    Uses of Acacia nilotica in folklore medicine:   
Acacia nilotica is traditionally used to treat sore throat, colds, 
bronchitis, pneumonia, ophthalmia, diarrhea, dysentery, leprosy, venereal 
disease and hemorrhage because of it is tonic, astringent and stimulant 
properties. Aqueous extracts of fruits showed activity against Candida 
albicans, Gram positive and Gram negative bacteria (El Ghazali et al., 
٢٠٠٠).  
 
 
 
 
 
 
 
 
 
 
 
Figure ٤:   The tree of Acacia nilotica 
 
 
 
 
 
 
 It was found that an extract from the fruits of Acacia nilotica 
inhibited the growth of many bacteria. This activity was not related to the 
low pH of the extract. Different bacteria showed different degrees of 
sensitivity to the extract (El Ghazali et al., ٢٠٠٠).  
The water extract of the bark is taken for treatment of diarrhea and 
dysentery (El Ghazali et al., ١٩٨٧). The decoction of the leaves and fruits 
are used against cough (El Ghazali et al., ١٩٩٤).   
  
    
 
 
 
 
 CHAPTER TWO 
٢.                                MATERIAL AND METHODS 
٢٫١   Sterilization: 
٢٫١٫١.  Sterilization of equipment: 
Petri dishes, test tubes, forceps, flasks, Pasteur pipettes and 
graduated pipettes were sterilized in a hot air oven at ١٨٠°C for one hour. 
Bottles and plastic containers were sterilized by autoclaving at ١٢١°C (١٥ 
lb/sq. inch) for ١٥ minutes.   
٢٫١٫٢.    Sterilization of culture media and solutions: 
Media and solutions were sterilized by autoclaving at ١٢١°C (١٥ 
lb/sq. inch) for ١٥ minutes, but carbohydrates media were sterilized by 
autoclaving at ١١٥° C (١٠ lb/sq. inch) for ١٠ minutes. 
٢. ٢.      Reagents and indicators: 
٢٫٢٫١.     Reagents:  
٢٫٢٫١٫١.  Tetramethyl-p.phenylene diamine dihydrochloride:  
This reagent was obtained from British Drug House, London 
(BHD), Ltd. The reagent was prepared as ٣٪ aqueous solution. It was 
used for oxidase test.  
 
 ٢٫٢٫١٫٢.  Hydrogen peroxide:   
This reagent was obtained from Agropharm limited, Buckingham. 
It was prepared as ٣٪ aqueous solution and it was used for catalase test.  
٢٫٢٫١٫٣. Methyl red:  
This reagent was prepared by dissolving methyl red (٠٫٠٤ g) in 
ethanol (٤٠ ml). The volume was made to ١٠٠ ml with distilled water. It 
was used for methyl red test. 
٢٫٢٫١٫٤. Alpha-naphthol solution:  
Alpha-naphthol is a product of (BDH). It was prepared as ٥٪ aqueous 
solution for Voges-Proskauer (VP) test.  
٢٫٢٫١٫٥. Potassium hydroxide:  
This reagent was prepared as ٤٪ aqueous solution. It was used for 
Voges-Proskauer test.  
٢٫٢٫١٫٦. Nitrate reagent:  
Nitrate test reagent consisted of two solutions and they were 
prepared according to Barrow and Feltham (١٩٩٣). Solution A composed 
of ٠٫٣٣٪ sulphanilic acid was dissolved by gentle heating in ٥N-acetic 
acid. Solution B was consistrd of ٠٫٦٪ dimethyleamine-alph-
nephthylamine was dissolved by gentle heating in ٥N-acetic acid.  
 ٢٫٢٫١٫٧.  Kovac’s reagent:  
This reagent contained ٥g of para-dimethyl aminobenzaldehyde, 
٧٥ ml amyl alcohol and ٢٥ml concentrated hydrochloric acid. It was 
prepared as described by Barrow and Feltham (١٩٩٣) by dissolving   the 
aldehyde in the alcohol by heating in water bath. It was then cooled and 
the acid was added.  The reagent was stored at ٤°C for use in indole test.  
٢٫٢٫٢.   Indicators:  
٢٫٢٫٢٫١  Andrade’s indicators: 
This indicator composed of acid fuchsin ٥g, distilled water IL and 
N-NaOH ١٥٠ ml. The acid fuchsin was added, mixed and was allowed to 
stand at room temperature for ٢٤ hours with frequent shaking until the 
color changed from red to brown.  
٢٫٢٫٢٫٢ Bromothymol blue:  
Bromothymol blue indicator was obtained from (BDH), Ltd. The 
solution was prepared by dissolving ٠٫٢g of the bromothymol blue 
powder in ١٠٠ ml distilled water. 
 ٢٫٢٫٢٫٣ Phenol red:  
This reagent was obtained from Hopkins and William Ltd, 
London. It was prepared as ٠٫٢٪ solution.  
 ٢٫٣ Collection of blood for enriched media:  
Defibrinated sheep blood was used in preparing blood agar 
medium.  The blood was collected from the jugular vein in sterile flask 
containing glass beads and mixed gently during collection. The blood 
was distributed in ١٠ ml amount in sterile screw capped bottles and 
stored in refrigerator.    
٢٫٤ Preparation of media:   
٢٫٤٫١ Nutrient broth:   
Thirteen grams of nutrient broth (Oxoid) were added to one liter of 
distilled water, mixed well and distributed in ٣ ml amount into clean test 
tubes, then sterilized by autoclaving at ١٢١˚C for ١٥ minutes. 
٢٫٤٫٢ Peptone water:  
Fifty grams of peptone water powder (Oxoid) were added to one 
liter of distilled water, mixed well, distributed in ٣ ml amount into clean 
test tubes and sterilized by autoclaving at ١٢١˚C for ١٥ minutes. 
٢٫٤٫٣ Peptone water sugars:  
Peptone water sugars medium was prepared as described by 
Barrow and Feltham (١٩٩٣). It contained peptone water ٩٠٠ ml, 
Andrade’s indicator ١٠ ml, sugar solution ١٠ ml and distilled water ٩٠ 
ml. The pH of peptone water was adjusted to ٧٫١ – ٧٫٣ before the 
addition of Andrade’s indicator. The complete medium was mixed well 
then distributed in ٢ml volume into clean test tubes containing inverted 
Durham’s tube and sterilized by autoclaving at ١١٥°C (١٠lb/inch٢) for ١٠ 
minutes. 
٢٫٤٫٤   Nitrate broth:  
The medium used was prepared as described by Barrow and 
Feltham (١٩٩٣).  Potassium nitrate ١g was dissolved in one-litter of 
nutrient broth, distributed in ٥ ml amount into clean test tubes and 
sterilized by autoclaving at ١١٥°C for ٢٠ minutes. 
٢٫٤٫٥   Glucose phosphate medium (MR-VP test medium):  
This medium was prepared according to Barrow and Feltham 
(١٩٩٣). Peptone powder ٥g and ٥g phosphate buffer (K٢HPO٤) were 
added to one litter of distilled water, dissolved by steaming then pH was 
adjusted to ٧٫٥. Then ٥ grams of glucose were added, mixed well, 
distributed into clean test tubes and sterilized by autoclaving at ١١٥˚C for 
١٥ minutes. 
٢٫٤٫٦   Nutrient agar: 
To one litter of nutrient broth (Oxoid) ١٥g of agar were added, 
dissolved by boiling and sterilized by autoclaving at ١٢١˚C for ١٥ 
minutes. Then cooled to about ٥٠˚C and distributed in ١٥ ml amount per 
plate. The poured plates were left to solidify at room temperature on 
leveled surface.   
٢٫٤٫٧   Blood agar: 
Forty grams of blood agar base NO.٢ (Oxoid) were suspended in 
one liter of distilled water, dissolved by boiling, mixed and sterilized by 
autoclaving at ١٢١˚C for ١٥ minutes. Then cooled to about ٥٠˚C and 
sterile, defibrinated sheep blood was added aseptically to give final 
concentration ١٠٪, then mixed gently and ١٥ ml of complete medium 
were poured into each sterile Petri dish. The poured plates were allowed 
to solidify at room temperature on flat surface.     
٢٫٤٫٨   Chocolate (heated blood) agar: 
Method of preparation was similar to that described for blood agar. 
The complete medium was heated to ٧٠˚C in water bath until it became 
brown in color. The medium was allowed to cool to about ٤٥˚C, remixed 
and dispensed into sterile petri dishes in ١٥ ml amount.  The poured 
plates were allowed to solidify at room temperature on flat surface. 
 
 
 
  
٢٫٤٫٩   MacConkey agar: 
Fifty two grams of MacConkey agar (Oxoid) were suspended in 
one litter of distilled water, dissoled by boiling, then sterilized by 
autoclaving at ١٢١˚C for ١٥ minutes and poured into sterile Petri-dishes 
in ١٥ ml amount. The plates were left to solidify at room temperature on 
a flat surface. 
٢٫٤٫١٠    Motility medium – Gragie tube medium: 
Thirteen grams of dehydrated nutrient broth (Oxoid) were added to 
٥grams of Oxoid agar No.١ and dissolved in one liter of distilled water. 
The pH was adjusted to ٧٫٤.  This medium was dispended in volumes of 
٥ ml into ٢٠ ml test tubes containing Gragie tubes, and then sterilized by 
autoclaving at ١٢١˚C for ١٥ minutes.  
٢٫٤٫١١    Hugh and leifson’s (O/F) medium: 
This medium was prepared as described by Barrow and Feltham 
(١٩٩٣). Two grams of peptone powder, five grams of sodium chloride, 
٠٫٣g of potassium hypophosphate and three grams of agar were added to 
one liter of distilled water.  Then heated in water bath at ٥٥˚C to dissolve 
the solids. The pH was adjusted to ٧٫١ and filtered. Then the indicator 
bromothymol blue (٠٫٢٪ aqueous solution) was added and the mixture 
was sterilized by autoclaving at ١١٥˚C for ١٠ minutes. 
Then filtered sterile glucose solution was added aseptically to give 
final concentration of ١٪. Then the medium was mixed and distributed, 
aseptically in ١٠ml amount into sterile test tubes of not more than ١٦mm 
diameter.     
٢٫٤٫١٢   Diagnostic sensitivity test agar: 
This medium was supplied by Oxoid.  It consist of protease 
peptone, veal infusion solids, dextrose, sodium chloride, disodium 
phosphate, sodium acetate, adenine sulphate, guanine hydrochloride, 
uracil, xanthine and ion agar No.٢. 
Forty grams of medium were suspended in one liter of distilled 
water then brought to boil to dissolve completely and sterilized by 
autoclaving at ١٢١˚C for ١٥ minutes. Then dispended into sterile Petri 
dishes in portions of ١٥ ml each. The poured plates were left to solidify 
at room temperature on leveled surface.     
٢٫٤٫١٣   Urea agar: 
This medium composed of peptone, dextrose, sodium chloride, 
disodium hydrogen phosphate, potassium dihydrogen phosphate, phenol 
red and agar. 
It was obtained in dehydrated form from Oxoid. The medium was 
prepared according to manufacturer’s instructions. ٢٫٤ g powder were 
dissolved in ٩٥ ml distilled water by boiling. After sterilization by 
autoclaving at ١١٥˚C for ٢٠ minutes, the basal medium was cooled to 
٥٠˚C and aseptically ٥ ml of sterile ٤٠٪ urea solution were added. The 
pH was adjusted to ٦٫٨ and distributed in ١٠ml aliquots into sterile 
screw-capped bottles, which were allowed to solidify in slope position.          
٢٫٤٫١٤   Simmon’s citrate agar: 
The dehydrated medium of Oxoid consisted of sodium chloride, 
magnesium sulphate, ammonium dihydrogen phosphate, sodium 
ammonium phosphate, sodium citrate, bromothymol blue and agar. 
Twenty three grams of the dehydrated medium were dissolved in 
١٠٠٠ ml distilled water by steaming. The pH was adjusted to ٧٫٠ and the 
medium was then sterilized by autoclaving ١٢١˚C for ١٥ minutes, 
distributed into sterile MacCarteny bottles, and allowed to set in slope 
position.   
٢٫٤٫١٥  Gelatin medium: 
The medium was prepared according to Barrow and Feltham 
(١٩٩٣), by soaking ٤g of gelatin in ٥٠ ml of distilled water. When 
thoroughly softened, it was added to ١٠٠ ml of melted nutrient agar, 
mixed and the medium was then distributed into volumes of ٥ ml in 
screw capped bottles and sterilized by autoclaving at ١٢١˚C for ١٥ min. 
 
٢٫٥   Collection of samples: 
A total of ٣٠ throat swabs were collected randomly from people of 
different age and different sex during March ٢٠٠٤ to June ٢٠٠٤. The 
area of study was Khartoum state. Throat swabs were collected by 
medical officers or experienced nurses. 
Infected throat was sampled by a sterile cotton wool swab, then the 
swab returned to its sterile tube and the tube was labeled then transported 
on ice in thermos flask for immediate culturing   
٢٫٦   Culture of specimens: 
The collected swabs were inoculated onto blood agar, chocolate 
agar and MacConkey agar. The inoculated plates were then incubated for 
٢٤ – ٤٨ hours at ٣٧˚C. 
٢٫٧   Purification of culture: 
All isolates were purified by several subculturing from single well-
separated colony of each type on primary culture. The purification was 
carried   out on nutrient agar or blood agar. The purity was checked by 
examining Gram stained smear. The pure culture was then used for 
studying cultural and biochemical characteristics and sensitivity test.  
 
 
٢٫٨   Microscopic examination: 
Smears were made from each type of colonies on primary culture 
and from purified colonies, fixed by heating and stained by Gram method 
(Barrow and Feltham, ١٩٩٣). Then examined microscopically under high 
power. The smear was examined for cell morphology, arrangement and 
staining reaction. 
٢٫٩    Identification of bacteria: 
The purified isolates were identified according to the criteria 
described by Barrow and Feltham (١٩٩٣) this included staining reaction, 
organism morphology , growth condition, the colonies characteristics on 
different media, haemolysis on blood agar, motility and biochemical 
characteristics.   
٢٫١٠.    Biochemical methods: 
٢٫١٠٫١.  Oxidase test: 
The method of Barrow and Feltham (١٩٩٣) was used. Strip of 
filter paper was soaked in ١٪ solution of tetramethyl–p-
phenylenediamine dihydrochloride and dried in hot-air oven and then 
placed on clean glass slide by sterile forceps.  A fresh young tested 
culture on nutrient agar was picked off with sterile glass rod and rubbed 
on the filter paper strip.  
 
If a purple color developed within ٥ – ١٠ seconds, the reaction was 
considered positive.        
 ٢٫١٠٫٢   Catalase test: 
The test was curried out as described by Barrow and Feltham 
(١٩٩٣). A drop of ٣٪ H٢O٢ was placed on clean slide and then a colony 
of tested culture on nutrient agar was picked by glass rod and added to 
the drop of ٣٪ H٢O٢ .Appositive reaction was indicated by production of 
air bubbles.     
٢٫١٠٫٣ Oxidation – Fermentation (O/F) test: 
The test was carried out as described by Barrow and Feltham 
(١٩٩٣). The tested organism was inoculated with straight wire into 
duplication of test tubes of Hugh and Leifeson’s medium. To one of the 
test tubes a layer of melted soft paraffin oil was added to the medium to 
seal it from air. The inoculated tubes were incubated at ٣٧˚C and 
examined daily for fourteen days. 
Yellow color in open tube only indicated oxidation of glucose. 
Yellow color in both tube showed fermentation reaction and blue or 
green color in open tube and yellow color in the sealed tube indicated 
production of alkali.   
 
٢٫١٠٫٤   Sugar fermentation test: 
This test was carried out as described by Barrow and Feltham 
(١٩٩٣).  The peptone water sugar was inoculated with organism under 
the test, incubated at ٣٧˚C and then examined daily for several days. 
Acid production was indicated by appearance of reddish color, while gas 
production was indicated by appearance of empty space in the inverted 
Durham’s tubes.   
٢٫١٠٫٥ Voges - Proskauer test: 
The test was performed as described by Barrow and Feltham 
(١٩٩٣). The test culture was inoculated into glucose phosphate medium 
(MR – VP medium) and incubated at ٣٧˚C for ٤٨ h. Three milliliter of 
٥٪ alpha-naphthol solution and one milliliter of ٤٠٪ potassium hydroxide 
were added.   
When bright pink color developed within ٣٠ minutes, the reaction 
was regarded as positive.      
٢٫١٠٫٦  Nitrate reduction: 
The nitrate test was carried out as described by Barrow and 
Feltham (١٩٩٣).  The test culture was lightly inoculated into nitrate broth 
and incubated at ٣٧˚C for two days.  Then ١ ml of solution (A) followed 
by ١ ml of solution (B) of nitrate test reagent were added. 
Red colour indicated positive reaction which showed that nitrate 
had been reduced. If red colour did not develop, powdered zinc was 
added to see whether there was residual nitrate or not. Red color 
development indicated that nitrate in medium had been reduced to nitrite 
by zinc but not by organism, whereas unchanged colour indicated nitrate 
in original medium had been reduced completely and nitrite was further 
broken down by the organism.      
٢٫١٠٫٧  Coagulase test: 
The test was performed as described by Barrow and Feltham 
(١٩٩٣). To ٠٫٥ ml of ١ : ١٠ dilution of human plasma in saline, ٠٫١ ml of 
١٨–٢٤ h old culture of the tested organism was added, then incubated at 
٣٧˚C and examined after ٦ – ٢٤ h for coagulation. Definite clot 
formation indicated positive result.   
The test was also performed on slide. Two colonies of tested 
culture were placed on a clean slide, emulsified in drop of normal saline 
and then a loop full of human plasma was added to the drop of bacterial 
suspension. Appearance of coarse visible clump was recorded as positive 
result. 
 
 
 
٢٫١٠٫٨   Indole production test: 
Indole production test was carried out as described by Barrow and 
Feltham (١٩٩٣). The tested organism was inoculated into peptone water 
and incubated at ٣٧˚ C for ٤٨h. One milliter of Kovac’s reagent was run 
down along side of the test tube. Appearance of pink color in the reagent 
layer within a minute indicated positive reaction.  
٢٫١٠٫٩  Methyl red (MR) test: 
Methyl red test was carried out as described by Barrow and 
Feltham (١٩٩٣). The tested organism was inoculated into glucose 
phosphate medium (MR – VP medium) then incubated at ٣٧˚ C for ٤٨ h. 
Two drops of methyl red reagent were added, shaken well and examined.  
Appearance of red color indicated positive reaction, whereas orange or 
yellow color indicated negative reaction.  
٢٫١٠٫١٠ Urease test: 
A slope of urea agar medium was inoculated with the tested 
organism and incubated at ٣٧˚C. Change in color to red indicated 
positive reaction.  
٢٫١٠٫١١ Citrate utilization: 
Simmon’s citrate medium was inoculated with tested organism and 
incubated at ٣٧˚C for up to ٧ days and was examined daily for growth 
and color change. Blue color and streak of growth indicated positive 
citrate utilization. 
٢٫١١. Motility test:   
The Gragi tube in semi-solid nutrient agar prepared as described 
by Cruckshank et al. (١٩٧٥) was inoculated by straight wire. A small 
piece of colony of the bacterium under test was picked by the end of the 
straight wire and stabbed in the center of semi-solid agar in the Graigi 
tube and then incubated at ٣٧˚C overnight. The organism was considered 
motile if it produced turbidity in the medium in and outside the Graigi 
tube.    
٢٫١٢. Antibiotic sensitivity: 
Sensitivity of isolates, to a number of antibiotics was determined 
by disc diffusion technique (Cruckshank et al., ١٩٧٥). The isolates were 
grown on peptone water and incubated at ٣٧˚C for two hours. About ٢ml 
of culture was poured on a petri dish containing diagnostic sensitivity test 
(DST) agar medium and the inoculum was evenly distributed by rotation. 
Excess fluid was withdrawn using sterile Pasteur pipette and plate was 
left to dry at room temperature for ١٥ minutes. 
 Commercially prepared discs of Plasmatic Laboratory (England) 
were placed on the surface of the medium by sterile forceps, pressed 
gently to ensure full contacts with the surface of the culture medium. The 
plates were then incubated at ٣٧˚C for ٢٤ hours and up to ٤٨ hours. Zone 
of no growth around disc indicated inhibition of growth of tested 
organism by the antibiotic of that disc.   
٢٫١٣    Herbal extract sensitivity: 
٢٫١٣٫١   Water extraction:  
Water is almost universal solvent used for extraction of plant 
ingredient. An amount of ١٠, ٢٠ and ٣٠ grams of Acacia nilotica and 
Zizphus spina christi were weighted and were soaked respectively in 
١٠٠, ٢٠٠ and ٣٠٠ ml sterile water in a sterile flasks for ٢٤ hour. The 
contents of the flasks were then filtered. The filtrates were kept at ٤ ˚C 
for later use. 
٢٫١٤   Antibacterial activity of the plants extracts:  
The antibacterial activity of Acacia nilotica and Zizphus spina 
christi to various bacterial isolates obtained in this study were examined 
by disc method. 
٢٫١٤٫١    Disc method: 
Diagnostic sensitivity test medium was prepared and left to 
solidify. The isolates were grown in peptone water and incubated at ٣٧˚C 
for two hours. About ٢ ml of culture was poured on Petri dish containing 
Diagnostic sensitivity test agar medium and the inoculum was evenly 
distributed by rotation. Excess fluid was withdrawn using sterile Pasteur 
pipette and the plate was left to dry at room temperature for ١٥ minutes. 
Filter paper discs of ٥mm diameter were used. The discs were 
impregnated with ١٠٪, ٢٠٪ and ٣٠٪ concentration of water extract. The 
impregnated discs were then placed on the agar surface. 
Inhibition zones around the discs was measured in centimeter and 
then scored as (+), when the inhibition zone was ٠٫٥ cm; (+ +), ١ cm ;( + 
+ +), ١٫٥ cm ;( + + + +), ٢ cm and (-) when no inhibition was noticed.        
  
 
    
 
  
 
  CHAPTER THREE 
 
٣.                                                RESULTS 
 
 ٣,١   Isolation and identification: 
The bacterial isolates found in this study were identified according to 
their cultural characteristics, cell morphology, Gram stain reaction and 
their biochemical properties as described by Barrow and Feltham (١٩٩٣). 
٣٫٢   Aerobic bacteria isolated from collected samples: 
The total number of bacterial isolates were ٤٣ (١٤٣٫٣٪), thirty-four 
(١١٣٫٣٪) were Gram-positive and nine (٣٠٪) were Gram-negative. 
The Gram-positive bacteria were ٧٦٫٦٪ Streptococcus spp, ٢٣٫٣٪ 
Staphylococcus spp, ٦٫٧٪ Corynebacterium spp and ٦٫٧٪ Actinomyces 
spp. The identified Gram-negative bacteria were nine Haemophilus 
infuenzae ٣٠٪ as shown in table ١ and figure ٨.        
٣٫٢. ١  Staphylococcus spp:   
The seven (٢٣٫٣٪) isolates of Staphylococcus spp comprised as follows : 
four (١٣٫٣٪) Staphylococcus aureus, two (٦٫٧٪) Staphylococcus 
hemolyticus and one (٣٫٣٪) Staphylococcus capitis. 
These isolates were identified according to their cultural 
characteristics, Gram stain reaction, cell morphology and biochemical 
properties. They were Gram-positive, non-motile, non-spore forming and 
ferment number of sugars as shown in table ٢. When Staphylococcus 
aureus were cultured on blood agar and incubated aerobically at ٣٧ °C 
for ٢٤h,a wide zone of beta hemolysis was produced around the colonies.   
٣٫٢٫٢   Streptococcus spp: 
  From that twenty-three (٧٦٫٦٪) isolates of Streptococcus spp were 
obtained in this study, fourteen (٤٦٫٧٪) were Streptococcus pyogenes and 
nine (٣٠%) were Streptococcus pneumoniae. These isolates were 
identified on bases of their cell morphology, Gram stain reaction and 
biochemical characteristics. They were Gram-positive cocci arranged in 
chains, non-motile, non-spore forming and ferment number of sugars. 
They required enriched media e.g. blood agar. These isolates were further 
classified on base of their action on blood agar to alpha hemolysis, beta 
hemolysis or non hemolysis as shown in table ٢.       
٣٫٢٫٣     Actinomycess spp:  
The two strains (٦٫٧٪) of Actinomycese israelii obtain in this study 
were Gram positive rods, non-motile, non-spore forming, aerobic and 
ferment number of sugar as shown in table ٢.  
٣٫٢٫٤   Haemophilus influenzae: 
The nine (٣٠٪) strains of Haemophilus influenzae obtained in this 
study were identified according to their morphology, Gram stain reaction 
and cultural characteristics. They were Gram-negative coccobacilli, non-
motile, oxidase positive  and catalase positive as shown in table ٢.       
When it were grown on chocolate agar and incubated at ٣٧°C 
overnight they produced mucoid colonies. 
٣٫٢٫٥   Mixed bacterial infection: 
Mixed bacterial infection was observed in ١٣ (٤٣٫٣٪) cases of sore 
throat swabs examined in this study. Haemophilus influenzae was 
isolated from ٦ (٢٠%) cases mixed with Streptococcus pyogenes, ٤ 
(١٣٫٣٪) cases mixed with Streptococcus pneumoniae and ٣ (١٠٪) cases 
mixed with Staphylococcus aureus.  
 
٣٫٣   In vitro antimicrobial sensitivities:        
           The forty-three bacterial isolates found in this study were 
examined for their sensitivity to different antimicrobial agents. Forty-two 
isolates (٩٧٫٦٧٪) were sensitive to Ampicillin, ٤٠ isolates (٩٣٫٠٢٪) were 
sensitive to Penicillin, ٢٩ isolates (٦٧٫٤٤٪) were sensitive to 
Tetracycline, ٣١ isolates (٧٢٫٠٩٪) were sensitive to Gentamicin , ٣١ 
isolates (٧٢٫٠٩٪)  were sensitive to Streptomycin, ٢٨ isolates (٦٥٫١١٪) 
were sensitive to Chloramphenicol,٢١ isolates (٤٨٫٨٣٪) were sensitive to 
Erythromycin and ١٢ isolates (٢٧٫٩٠٪) were sensitive to Cloxacillin as 
shown in table ٣ and figure ٩ . 
Ampicillin was most effective drug as ٩٧٫٦٧٪ of the isolates were 
sensitive to this drug while Penicillin was the second drug of choice as 
٩٣٫٠٢٪ of the isolates were sensitive to this drug. However Cloxacillin 
was least effective drug as ٧٢٫٠٩ % of the isolates were resistant to it as 
shown in table ٣.     
  
٣٫٤   In vitro antibacterial activity of plants extracts: 
Three different concentration of water extract of Acacia nilotica 
and Zizphus spina christi were prepared to study the effect of these plants 
on the bacterial isolates found in throat swabs collected from patients 
with sore throat. 
 
٣,٤,١   In vitro antibacterial activity of Acacia nilotica  water  extract: 
  Water extract of Acacia nilotica inhibited the growth of many 
bacteria examined in this study. Twenty-nine (٦٧,٤٤%) isolates showed 
growth inhibition at ٣٠% concentration, twenty-five (٥٨,١٣%) isolates 
showed growth inhibition at ٢٠% concentration, twenty-three (٥٣,٤٨%) 
isolates  showed growth inhibition at ١٠% concentration.               
When the sensitivity of Streptococcus pyogenes isolates obtained in this 
study to Acacia nilotica extract was examined it was found that, the 
growth of ٨ isolates was inhibited by ٣٠% concentration Acacia nilotica 
extract and zone of inhibition of growth measured ٢, ١,٥ and ١cm for ٢, ٣ 
and ٣ isolates respectively. While ٦ isolates were not inhibited (ie. no 
zone) by ٣٠% concentration Acacia nilotica extract.  
          The examination sensitivity of Streptococcus pneumoniae isolates 
found in this study to Acacia nilotica extract revealed that, the growth of 
٦ isolates was inhibited by ٣٠% concentration Acacia nilotica extract and 
the zone of inhibition of growth measured ٢ and١,٥ cm for ٣ and ٣ 
isolates respectively. While ٣ isolates were not inhibited by ٣٠% 
concentration Acacia nilotica extract. 
            The sensitivity testing of Staphylococcus aureus isolated in this 
study to Acacia nilotica extract, showed that the growth of  four isolates 
was inhibited by ٣٠% concentration Acacia nilotica extract and the zone 
of inhibition of  growth measured ١,٥cm and  ١cm for ٢ isolates for each 
of them, figure ٥ and ٦. 
            The growth of the two isolates of Staphylococcus hemolyticus 
found in this study were inhibited by ٣٠% concentration Acacia nilotica 
extract and the zone of inhibition growth measured ١,٥ cm and ١ cm. 
          The growth of Staphylococcus capitis obtained in this study was 
inhibited by ٣٠% concentration Acacia nilotica extract and the growth 
inhibition zone measured ١ cm. 
          The growth of Corynebacterium spp obtained in the present study 
was inhibited by ٣٠% concentration Acacia nilotica extract and the growth 
inhibition zone measured ١ cm for Corynebacterium ulcerans and ١,٥ cm 
for Corynebacterium diphtheriae. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure ٥: Sensitivity of Staphylococcus aureus to three different 
concentrations of water extract of Acacia nilotica and Zizphus spina 
christi determined by disc method.   
A : ١٠٪, B : ٢٠ %, C : ٣٠ % concentration of Acacia nilotica extract. 
 
D : ١٠٪, E : ٢٠ %, F : ٣٠ % concentration of Zizphus spinachristi  
extract. 
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Figure ٦: Sensitivity of Staphylococcus aureus to three different 
concentrations of water extract of Acacia nilotica and Zizphus spina 
christi determined by disc method. 
A : ١٠٪, B : ٢٠ %, C : ٣٠ % concentration of Acacia nilotica extract. 
 
D : ١٠٪, E : ٢٠ %, F : ٣٠ % concentration of Zizphus spinachristi  
extract. 
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The growth of Actinomyces israelii was inhibited by ٣٠% 
concentration Acacia nilotica extract and the growth inhibition zone 
measured ١,٥ cm for the two isolates obtained in the present study , figure 
٧. 
           The growth of six isolates of Haemophilus influenzae was 
inhibited by ٣٠% concentration Acacia nilotica extract and the growth 
inhibition zone measured ١cm for five isolates and ٠,٥ cm for one 
isolates. While three isolates were not inhibited ( ie. no zone) by  ٣٠% 
concentration Acacia nilotica  extract as shown in table ٤. 
٣٫٤٫٢  In vitro antibacterial activity of Zizphus spina christi water 
extract: 
     The three concentration of water extract of Zizphus spina christ 
showed weak effect on the bacterial growth of isolates examined in this 
study. Seven isolates (١٦٫٢٧٪) showed growth inhibition zones at ٣٠٪ 
concentration, five (١١٫٦٢ %) isolates showed growth inhibition zones at 
٢٠٪ concentration, and two isolates (٤٫٦٥٪) showed growth inhibition 
zones at ١٠٪ concentration as shown in table ٧.  
            The sensitivity of the isolates obtained in this study at ٣٠٪ 
concentration Zizphus spina christ was examined and it was found that 
the growth of three isolates of Streptococcus pyogenes was inhibited and 
the growth inhibition zone measured ٢ cm, ١,٥ cm, and ٠,٥ cm. While ١١ 
isolates were not inhibited by ٣٠٪ concentration.  
When the sensitivity of Haemophilus influenzae to ٣٠٪ 
concentration Zizphus spina christ was examined it was found that the 
growth of three isolates was inhibited and the growth inhibition zone 
measured ١ cm for one isolates and ٠٫٥ cm for two isolates. While six 
isolates were not inhibited (ie .no zone) by ٣٠٪ concentration of Zizphus 
spina christi. 
The growth of the all  isolates obtained in this study was not inhibited by 
٣٠٪ concentration of  Zizphus spina christ extract as shown in table ٥. 
When ٣٠٪ concentration water extract of Acacia nilotica was 
compared with ٣٠٪٪ concentration water extract of Zizphus spina 
christ,it was found that Acacia nilotica extract was more effective than 
Zizphus spina christ extract as ٦٧٫٤٤٪ of the isolates showed growth 
inhibition at ٣٠٪ concentration of Acacia nilotica while only ١٦٫٢٧٪ of 
the isolates showed growth inhibition at ٣٠٪ concentration of  Zizphus 
spina christ extract. 
 
 
 
 
 
   
 
Table ١: Bacterial species isolated from throat swab samples 
collected randomly from patients in Khartoum state:  
 
Bacteria species 
No of 
samples 
examined 
No of isolates Isolation percentage 
Strepto. pyogenes 
30 14  46.7% 
Strepto. pneumoniae 
30 9 30% 
Staph .aureus  
30 4 13.3% 
Staph .hemolyticus 
30 2 6.7% 
Staph .capitis  
30 1 3.3% 
Coryne. diphtheriae  
30 1 3.3% 
Coryne. ulcerans 
30 1 3.3% 
Actiomy. israelii 
30 2 6.7% 
Haemoph. influenzae  
30 9 30% 
Mix culture 30 13  43.3% 
Total 30 43 143.3% 
 
 
 
 
Table ٢: Characters and biochemical reactions of bacteria 
isolated from sore throat patients Khartoum state.  
 
Characters Strepto. 
pyogenes 
Strepto. 
pneumoniae 
Staph. 
aureus 
Staph. 
hemolticus 
Staph. 
capitis 
Coryne. 
diphtheriae 
Coryne. 
ulcerans 
Actino. 
israelii 
Haemophilus  
influenzae 
Gram stain + + + + + + + + - 
Shape cocci cocci cocci cocci cocci coccobacilli Coccobacilli Polymorphic coccobacilli 
Motility - - - - - - - - - 
Oxidase - - - - - - - - + 
Catalase - + + + + + + - + 
O/F F F F F F F F F F 
Glucose + + + + + + + + + 
Lactose + + ND ND - - ND ND - 
Maltose ND ND ND ND - + ND ND ND 
Mannitol ND ND + + + - - ND ND 
Xylose ND ND - - - - - ND + 
Sucrose + + + + + - - ND - 
Raffinose - + - - - ND ND ND ND 
Nitrate ND ND + + + ND ND ND ND 
Coagulase ND ND + - ND ND ND ND ND 
Haemolysis Beta Alpha Beta - ND ND - - - 
VP - - + + + - - - ND 
Urease ND ND ND - - - + ND ND 
Gelatin 
liquefaction 
ND ND ND ND ND - - - ND 
Casein 
digestion 
ND ND ND ND ND - ND ND ND 
 
F: Fermentative.              ND: NOT DONE 
  
Table٣: Antimicrobial sensitivity of bacteria isolated from throat 
swab samples collected randomly from patients in Khartoum state. 
 
Antimicrobial 
drug 
No of bacterial 
isolates 
examined 
No of sensitive 
isolates  (percent) 
No of resistant 
isolates (percent) 
Ampicillin ٤٣ 
 
٤٢ (٩٧,٦٧%) 
 
١ (٢,٣٢%) 
Penicillin  ٤٣ 
 
٤٠ (٩٣,٠٢%) 
 
٣ (٦,٩٧%) 
Cloxacillin  ٤٣ 
 
١٢ (٢٧,٩٠%) 
 
٣١ (٧٢,٠٩%) 
Erythromycin ٤٣ 
 
٢١ (٤٨,٨٣%) 
 
٢٢ (٥١,١٦%) 
Gentamicin  ٤٣ 
 
٣١ (٧٢,٠٩%) 
 
١٢ (٢٧,٩٠%) 
Streptomycin ٤٣ 
 
٣١ (٧٢,٠٩%) 
 
١٢ (٢٧,٩٠%) 
Tetracycline ٤٣ 
 
٢٩ (٦٧,٤٤%) 
 
١٤ (٣٢,٥٥%) 
Chloramphenicol ٤٣ 
 
٢٨ (٦٥,١١%) 
 
١٥ (٣٤,٨٨%) 
 
 
 
 
 
 
 
Table ٤: Sensitivity of Gram positive and Gram negative bacteria 
isolated randomly from sore throat patients in Khartoum state to 
water extract of Acacia nilotica: 
No. of isolates and growth inhibition zone at: 
Bacterial 
species 
Number 
of 
isolates 
examined ٣٠% concentration ٢٠% concentration ١٠% concentration 
Strept. pyogenes ١٤ ٢  (٢ cm) 
٣  (١,٥ cm) 
٣  (١ cm) 
٦  (٠,٠ cm) 
١  (١,٥ cm) 
٥  (١ cm) 
٢  (٠,٥ cm) 
٦  (٠,٠ cm) 
٥ (١ cm) 
٣ (٠,٥ cm) 
٦ (٠,٠ cm) 
Strept. 
pneumoniae 
٩ ٣  (٢ cm) 
٣  (١,٥ cm) 
٣  (٠,٠ cm) 
٣ (١,٥ cm) 
٣ (١ cm) 
٣ (٠,٠ cm) 
١ (١,٥ cm) 
٣ (١ cm) 
٥ (٠,٠ cm) 
Staph .aureus ٤ ٢  (١,٥ cm) 
١  (١ cm) 
١ (٠,٠ cm) 
١ (٢ cm) 
٢ (١ cm) 
١ (٠,٠ cm) 
١ (١,٥ cm) 
٢  (١ cm) 
١  (٠,٠ cm) 
Staph 
.hemolyticus 
٢ ١ (١,٥ cm) 
١ (٠,٠ cm) 
١ (١,٥ cm) 
١ (٠,٠ cm) 
١ (١ cm) 
١ (٠,٠ cm) 
Staph .capitis ١ 
 
١ (١ cm) ND ١ (٠,٠ cm) 
Coryne. 
diphtheriae 
١ ١ (١,٥ cm) 
 
١ (١ cm) ١ (٠,٥ cm) 
Coryne.ulcerans ١ ١ (١ cm) ١ (٠,٥ cm) ١ (٠,٥ cm) 
Actino. israelii ٢ ٢ (١,٥ cm) ١ (١ cm) 
١ (٠,٥ cm) 
١ (٠,٥ cm) 
١ (٠,٥ cm) 
Haemoph. 
influenzae 
٩ ٥ (١ cm) 
١ (٠,٥ cm) 
٣ (٠,٠ cm) 
١ (١ cm) 
٢ (٠,٥ cm) 
٦ (٠,٠ cm) 
١(١ cm) 
٢ (٠,٥ cm) 
٦ (٠,٠ cm) 
 
(+ + + +), ٢ cm growth inhibition zone diameter; (+ + +), ١,٥ cm; 
(+ +), ١ cm; (+), ٠,٥ cm; (-) none. 
 
Table ٥: Sensitivity of Gram positive and Gram negative bacteria 
isolated randomly from sore throat patients in Khartoum state to 
water extract of Zizphus spina christi. 
   
No. of isolates and growth inhibition zone at: 
Bacterial 
species 
 
Number 
of 
isolates  
examined ٣٠%concentration ٢٠%concentration ١٠% concentration      
Strept.pyogenes ١٤ ١ (٢ cm) 
١ (١,٥ cm)) 
١ (٠,٥ cm)) 
١١(٠ cm) 
٢ (١,٥ cm) 
١ (٠,٥ cm) 
١٠ (٠,٠ cm) 
١ (١,٥ cm) 
١ (١ cm) 
١٢ (٠,٠ cm) 
Strept. 
pneumoniae 
٩ ٩ (٠,٠ cm) 
 
٩ (٠,٠ cm) ٩ (٠,٠ cm) 
Staph .aureus ٤ ٤ (٠,٠ cm) 
 
٤ (٠,٠ cm) ٤ (٠,٠ cm) 
Staph 
.hemolyticus 
٢ ٢ (٠,٠ cm) 
 
 
٢ (٠,٠ cm) ٢ (٠,٠ cm) 
Staph .capitis ١ ١ (٠,٠ cm) ١ (٠,٠ cm) ١ (٠,٠ cm) 
Coryne. 
diphtheriae 
١ ١ (٠,٠ cm) 
 
 
١ (٠,٠ cm) ١ (٠,٠ cm) 
Coryne. 
ulcerans 
١ ١ (٠,٥ cm) 
 
 
١ (٠,٥ cm) ١ (٠,٠ cm) 
Actino. israelii ٢ 
 
٢ (٠,٠ cm) 
 
 
٢ (٠,٠ cm) ٢ (٠,٠ cm) 
Haemoph. 
influenzae 
٩ ١ (١ cm) 
٢ (٠,٥ cm) 
٦ (٠,٠ cm) 
١ (٠,٥ cm) 
٨ (٠,٠ cm) 
٩ (٠,٠ cm) 
 
 
(+ + + +), ٢ cm growth inhibition zone diameter; (+ + +), ١,٥ cm; (+ +), ١ 
cm; (-) none. 
 
 Table ٦: Sensitivity of bacteria species isolated from sore throat 
patients in Khartoum state to three different concentration water 
extract of Acacia nilotica. 
 
 
 
 
No. of isolates sensitive (percent) at: Bacteria species Number 
of isolates 
examined ٣٠%concentration ٢٠%concentration ١٠% concentration    
Strepto. pyogenes ١٤ ٨ (٥٧,١٤%) 
 
٨ (٥٧,١٤%) ٨ (٥٧,١٤%) 
Strepto. pneumoniae ٩ ٦ (٦٦,٦٦%) 
 
٦ (٦٦,٦٦%) ٤ (٤٤,٤٤%) 
Staph .aureus  ٤ ٣ (٧٥,٠٠%) 
 
٣ (٧٥,٠٠%) ٣ (٧٥,٠٠%) 
Staph .hemolyticus ٢ ١ (٥٠,٠٠%) 
 
١ (٥٠,٠٠%) ١ (٥٠,٠٠%) 
Staph .capitis  ١ ١ (١٠٠,٠%) 
 
ND ١ (١٠٠,٠%) 
Coryne .diphtheriae  ١ ١ (١٠٠,٠%) 
 
١ (١٠٠,٠%) ١ (١٠٠,٠%) 
Coryne .ulcerans ١ ١ (١٠٠,٠%) 
 
١ (١٠٠,٠%) ١ (١٠٠,٠%) 
Actiomy .israelii ٢ ٢ (١٠٠,٠%) 
 
٢ (١٠٠,٠%) ٢ (١٠٠,٠%) 
Haemoph .influenzae  ٩ ٦ (٦٦,٦٦%) 
 
٣ (٣٣,٣٣%) ٣ (٣٣,٣٣%) 
Total ٤٣ ٢٩ (٦٧,٤٤%) 
 
٢٥ (٥٨,١٣%) ٢٣ (٥٣,٤٨%) 
 
Table ٧: Sensitivity of bacteria  species isolated from sore throat 
patients in Khartoum state to three different concentration water 
extract of Zizphus spina christi: 
 
 
 
 
 
 
 
No. of isolates sensitive (percent) at: Bacteria species 
No of 
isolates 
examined 
 ٣٠%concentration ٢٠%concentration ١٠%concentration    
Strepto .pyogenes ١٤ ٣ (٢١,٤٢%) 
 
٣ (٢١,٤٢%) ٢ (١٤,٢٨%) 
 
Strepto .pneumoniae ٩ ٠ (٠٠,٠٠%) 
 
٠ (٠٠,٠٠%) ٠ (٠٠,٠٠%) 
Staph .aureus  ٤ ٠ (٠٠,٠٠%) 
 
٠ (٠٠,٠٠%) ٠ (٠٠,٠٠%) 
Staph .hemolyticus ٢ ٠ (٠٠,٠٠%) 
 
٠ (٠٠,٠٠%) ٠ (٠٠,٠٠%) 
Staph .capitis  ١ ٠ (٠٠,٠٠%) 
 
٠ (٠٠,٠٠%) ٠ (٠٠,٠٠%) 
Coryne .diphtheriae  ١ ٠ (٠٠,٠٠%) 
 
٠ (٠٠,٠٠%) ٠ (٠٠,٠٠%) 
Coryne .ulcerans ١ ١ (١٠٠,٠%) 
 
١ (١٠٠,٠%) ٠ (٠٠,٠٠%) 
Actiomy .israelii ٢ ٠ (٠٠,٠٠%) 
 
٠ (٠٠,٠٠%) ٠ (٠٠,٠٠%) 
Haemoph .influenzae  ٩ ٣ (٣٣,٣٣%) 
 
١ (١١,١١%) ٠ (٠٠,٠٠%) 
Total ٤٣ ٧ (١٦,٢٧%) 
 
٥ (١١,٦٢%) ٢ (٠٤,٦٥%) 
 
Table ٨: Sensitivity of bacteria species isolated from sore 
throat patients in Khartoum state to different antimicrobial 
drugs and ٣٠٪ concentration of water extract of Acaci nilotica 
and Zizphus spina christi.  
 
Amp=Ampicillin; Erythro=Erythromycin; Gent=Gentamicin; 
Chlor=Chloramphenicol; Cloxa=Cloxacillin; Penic=Penicillin; 
Strepto=Streptomycin;  Tetra=Tetracycline. 
Bacterial 
species 
No of 
isolates 
examined 
Amp 
 
Erythro Gent Chlor Cloxa Strepto Tetra Penic Acacia.nilotica 
extract  
Zizphus 
spina 
extract 
Strepto. 
pyogenes 
١٤ ١٠٠٪ ٥٧٫١٪ ٢٨٫٥٪ ٤٢٫٨٪ ٤٢٫٨٪ ٢٨٫٥٪ ٧٨٫٥٪ ١٠٠.% ٥٧٫١٪ ٢١٫٤٪ 
Strepto. 
pneumoniae 
٩ ١٠٠٪ ١١٫١٪ ٧٧٫٧٪ ٤٤٫٤٪ ١١٫١٪ ٨٨٫٨٪ ٤٤٫٤٪ ١٠٠٪ ٦٦٫٦٪ ٠٠٫٠٪ 
Staph 
.aureus 
٤ ١٠٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٥٠٫٠٪ ١٠٠٪ ١٠٠٪ ٥٠٫٠٪ ٧٥٫٠٪ ٠٠٫٠٪ 
Staph 
.hemolyticus 
٢ ١٠٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٥٠٫٠٪ ١٠٠٪ ٥٠٫٠٪ ٥٠٫٠٪ ٥٠٫٠٪ ٠٠٫٠٪ 
Staph 
.capitis 
١ ١٠٠٪ ٠٠٫٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ ٠٠٫٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ 
Coryne 
.diphtheriae 
١ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ ٠٠٫٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ 
Coryne 
.ulcerans 
١ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ ٠٠٫٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ 
Actiomy 
.israelii 
٢ ١٠٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ 
Haemoph 
.influenzae 
٩ ٨٨٫٨٪ ٢٢٫٢٪ ١٠٠٪ ١٠٠٪ ٠٠٫٠٪ ١٠٠٪ ٦٦٫٦٪ ٨٨٫٨٪ ٦٦٫٦٪ ٣٣٫٣٪ 
Total ٤٣ ٩٧٫٦٪ ٤٨٫٨٪ ٧٢٫٠٩٪ ٦٥٫١٪ ٢٧٫٩٠٪ ٧٢٫٠٪ ٦٧٫٤٪ ٩٣٫٠٪ ٦٧٫٤٪ ١٦٫٢٪ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Bacterial species isolated from sore throat patients in Khartoum state 
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Figure 8. Antimicrobial sensitivity of bacteria isolated from throat swab sample collected 
from sore throat patients in Khartoum state.
Sensitive
Resistant
Sensitive 97.60%93.00%27.90%48.80%72.00%72.00%67.40%65.10%
Resistant 2.32%6.90%72.00%51.10%27.90%27.90%32.50%34.80%
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Figure 9. Sensitvity of bacteria isolated from throat swab samples collected from sore throat patients 
in Khartoum state to different antimicrobial drugs and 30% concentration of water extract of Acacia 
nilotica  and Zizphus spina christi. 
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CHAPTER FOUR 
٤.                                            DISCUSSION 
In this study thirty-swabs were collected randomly from sore 
throat patients in Khartoum state. These swabs were cultured, 
incubated at ٣٧°C and examined for the presence of bacterial growth. 
Twenty-seven samples showed bacterial growth and the rest 
three samples did not show any bacterial growth. These results 
showed that ٩٠٪ of sore throat in Khartoum state were caused by 
bacteria, while ١٠٪ of these cases were caused by others agents which  
may be viral or fungal.  
Out of thirty samples examined in this study, twenty-three 
strains of Streptococcus spp were isolated. These results revealed that 
٧٦٫٧٪ of sore throat cases in Khartoum state were caused by 
Streptococcus spp. These results agreed with the results obtained by 
El amin (٢٠٠٤).  
 Streptococcus pyogenes was the most frequent isolate found in 
this study as it was recovered from ٤٦٫٧٪ of the sore throat examined. 
These results confirmed the findings of Turnidge (٢٠٠١) and Colle et 
al. (١٩٨٩) who reported that Streptococcus pyogenes was the main 
cause of sore throat. 
In this study Staphylococcus spp were isolated from ٢٣٫٣٪ of 
the swabs examined and ١٣٫٣٪ of Staphylococcus spp isolated were 
Staphylococcus aureus .These finding agrees with those observed by 
McSween and Whaly (١٩٩٢), Staish (١٩٩٥) and ELamin (٢٠٠٤). 
Staphylococcus hemolyticus was isolated from ٦٫٧٪ and 
Staphylococcus capitis was isolated from ٣٫٣٪ of the swabs examined 
and these results were not reported by other investigators. 
Haemophilus influenzae was isolated from ٣٠٪ of the throat 
swabs examined in this investigation. This results confirm the results 
obtained by Kumar (١٩٩٦) and Elamin (٢٠٠٤) who reported that 
Haemophilus influenzae infection of the throat have world wide 
distribution. 
 Corynebacterium spp were isolated from ٦٫٦٪ of the swabs 
examined and ٣٫٣٪ of this investigation isolates were 
Corynebacterium dithpheriae. This result agrees with Omer (١٩٩٠) 
who reported that Corynebacterium dipheriae is localized on the 
mucous membrane of the nasopharynx and tonsils. Also ٣٫٣٪of this 
investigation isolates were Corynebacterium ulcerans and this result 
was not reported by other investigators.  
In this study Actinomycess israelii was isolated from ٦٫٦٪ of 
the swab examined. The isolation of Actinomycess israelii from sore 
throat cases was not reported by previous study. 
In the present investigation ٤٣٫٣٪ of sore throat cases showed 
the presence of mixed bacterial infections. These results revealed that 
٤٣٫٣٪ of sore throat in Khartoum state may be caused by more than 
one pathogenic bacterium.  
The results of this study showed that the common organisms 
associated with sore throat in Khartoum state were Streptococcus 
pyogenes ٤٦٫٧٪, Streptococcus pneumoniae ٣٠٪, Haemophilus 
influenzae ٣٠٪, Staphylococcus aureus ١٣٫٣٪ and Corynebacterium 
spp ٦٫٦٪.This finding agrees with those observed by Elamin (٢٠٠٤) 
who reported that Streptococcus pyogenes, Streptococcus 
pneumoniae, Staphylococcus aureus and Haemophilus influenzae 
were the main causes of sore throat in Khartoum state. 
The results of antibiotics sensitivity testing of the isolates found 
in this study to different antibiotics showed that ٩٧٫٦٧٪ and ٩٣٫٠٢٪ of 
the isolates were sensitive to Ampicillin and Penicillin respectively 
while Erythromycin, Chloramphenicol, Gentamicin, Streptomycin and 
Tetracycline were moderately effective for treatment of sore throat 
caused by bacteria. 
 In this study all Streptococcus pyogenes isolates were sensitive 
to Penicillin and Ampicillin these results agree with Geo et al. (٢٠٠١) 
who reported that all beta hemolytic Streptococci were sensitive to 
Penicillin. While most of Streptococcus pyogenes isolates were less 
sensitive to Erythromycin (٥٧٫١٤٪), Chloramphenicol (٤٢٫٨٥٪) and 
Streptomycin (٢٨٫٥٪). Lowbury et al. (١٩٥٩) reported that 
Streptococcus pyogenes isolates from human clinical sources were 
resistant to Erythromycin and this study confirms this findings. 
All isolates of Streptococcus pneumoniae isolated in this study 
were sensitive to Ampicillin (١٠٠٪) and Penicillin (١٠٠٪) while most 
of isolates were less sensitive to Erythromycin (١١٫١١٪), 
Chloramphenicol (٤٤٫٤٤٪), Cloxacillin (١١٫١١٪) and Tetracycline 
(٤٤٫٤٤٪). These results agree with Geo et al. (٢٠٠١) who reported that 
pneumococci was sensitive to Penicillin and resist to Tetracycline and 
Erythromycin. 
All isolates of Staphylococcus aureus isolated in the present 
investigation were sensitive to Ampicillin (١٠٠٪), Erythromycin 
(١٠٠٪), Gentamicin (١٠٠٪), Tetracycline (١٠٠٪), Chloramphenicol 
(١٠٠٪) and Streptomycin (١٠٠٪) while some of the isolates were 
sensitive to Cloxacillin (٥٠٪) and Penicillin (٥٠٪). The results of this 
work confirm Geo et al. (٢٠٠١) findings as (٩٠٪) of Staphylococcus 
aureus were found resistant to Penicillin in this investigation.  
Haemophilus influenzae isolates of the present study were 
sensitive to Gentamicin (١٠٠٪), Chloramphenicol (١٠٠٪) and 
Streptomycin (١٠٠ %). These results agree with those of Geo et al. 
(٢٠٠١).  
These results illustrate that Ampicillin could  be considered  the 
drug of choice for treatment of sore throat infection as most of isolated 
bacteria (٩٧٫٦٧٪) were sensitive to it and Penicillin is the second drug 
of choice as many of the isolated bacteria (٩٣٫٠٢٪) were sensitive to 
it.  
The response of different isolates found in this study to the 
three different concentration of water extract of Acacia nilotica and 
Zizphus spina chrisiti were varied. It was found that ٣٠٪ concentration 
of water extract of Acacia nilotica was most effective concentration 
when compared with the other two concentrations as ٦٧٫٤٤٪of the 
isolates were sensitive to it while ٥٨٫١٣٪ and ٥٣٫٤٨٪ of the isolates 
were sensitive to ٢٠٪ and ١٠٪ concentrations respectively.  
On the other hand the three concentrations of water extract of 
Zizphus spina christi showed weak effect on the growth of bacterial 
isolates examined in this study as ١٦٫٢٧٪, ١٣٫٩٥٪ and ٤٫٦٥٪ of the 
isolates were sensitive to ٣٠٪, ٢٠٪ and ١٠٪ concentration 
respectively. 
The results shown in table ٨ reveal that Acacia nilotica extract 
was more effective against Streptococcus pyogenes, Streptococcus 
pneumoniae, Staphylococcus aureus, Staphylococcus hemolyticus, 
Staphylococcus capitis, Corynebacterium dithpheriae, 
Corynebacterium ulcerans, Actinomycess israelii and Haemophilus 
influenzaea when compared with Zizphus spina christi extract.  
Acacia nilotica inhibited the growth of ٦٧,٤% of the isolates 
examined, Zizphus spina christi ١٦,٢%, Ampicillin  ٩٧,٦%, Penicillin 
٩٣,٠%, Gentamycin ٧٢,٠٩%, Streptomycin ٧٢,٠%, Tetracycline ٦٧,٤% , 
Chloramphenicol ٦٥,١%, Erythromycin ٤٨,٨% and Cloxacillin 
٢٧,٩٠%.This results indicates that Acacia nilotica is less effective than 
Ampicillin, Penicillin, Gentamycin and Streptomycin and equally 
effective as Tetracycline and more effective than Chloramphenicol, 
Erythromycin and Cloxacillin for treatment of sore throat infection in 
Khartoum state. While Zizphus spina christi is less effective than 
Ampicillin, Erythromycin, Gentamycin, Chloramphenicol, 
Cloxacillin, Streptomycin, Tetracycline and Penicillin for treatment of 
sore throat infection in Khartoum state as shown in table ٨ and figure 
١٠. 
The sensitivity of Streptococcus pyogenes isolates when 
examined to Gentamycin, Cloxacillin, Streptomycin, Chloramphenicol 
and Erythromycin was ٢٨٫٥٪,  ٤٢٫٨٪,  ٢٨٫٥٪,  ٤٢٫٨٪ and ٥٧٫١٪ 
respectively while their sensitivity to ٣٠٪ concentration Acacia 
nilotica  water extract was ٥٧٫١٪ and Zizphus spina christi extract was 
٢١,٤%.This indicates that ٣٠٪ concentration Acacia nilotica  water 
extract is equally effective as Erythromycin and more effective than 
Gentamycin, Cloxacillin, Streptomycin and Chloramphenicol for 
treatment of sore throat caused by Streptococcus pyogenes. However 
٣٠٪ concentration Acacia nilotica water extract is less effective than 
Ampicillin and Penicillin for treatment of sore throat caused by 
Streptococcus pyogenes. Also this study indicates that ٣٠٪ 
concentration Zizphus spina christ extract is less effective than 
Ampicillin, Penicillin Erythromycin , Cloxacillin and 
Chloramphenicol but almost similarly effective as Gentamycin and   
Streptomycin in inhibition of growth  of Streptococcus pyogenes 
causing sore throat in Khartoum state. 
  The sensitivity of Streptococcus pneumonae to Gentamycin,  
Erythromycin, Chloramphenicol, Cloxacillin and Tetracycllin was 
٧٧٫٧٪, ١١٫١٪, ٤٤٫٤٪, ١١٫١٪, ٤٤٫٤٪ respectively while their sensitivity 
to Acacia nilotica extract was ٦٦٫٦٪ and Zizphus spina christi extract 
was ٠٠٫٠٪.This indicates that ٣٠٪ concentration Acacia nilotica  
extract is more effective than  Erythromycin, Cloxacillin 
,Chloramphenicol, and Tetracycllin for treatment of sore throat 
infection caused by Streptococcus pneumonae also this study indicate 
that Zizphus spina christi extract is less effective than Gentamycin,  
Erythromycin, Chloramphenicol, Cloxacillin and Tetracycllin in 
inhibition of Streptococcus pneumonae causing sore throat in 
Khartoum state.  
The  sensitivity of Staphylococcus aureus isolates to  
Cloxacillin and Penicillin was ٥٠٫٠٪ while their sensitivity to Acacia 
nilotica extract was ٧٥٫٠٪ and Zizphus spina christi extract was 
٠٠٫٠٪.This results indicate that ٣٠٪ concentration Acacia nilotica  
water extract is more effective than Cloxacillin and Penicillin for 
treatment of  sore throat infection caused by Staphylococcus aureus 
and it is also indicate that ٣٠٪ concentration Zizphus spina christi 
extract is less effective  than Gentamycin,  Erythromycin, 
Chloramphenicol, Cloxacillin, Tetracycllin, Streptomycin and 
Ampicillin in inhibition of the growth of Staphylococcus aureus 
causing sore throat in Khartoum state . 
The sensitivity of Staphulococcus hemolyticus isolates to 
Ampicillin was ١٠٠٪, Erythromycin ١٠٠٪, Gentamycin ١٠٠٪, 
Chloramphenicol ١٠٠٪, Tetracycline ٥٠٪, Penicillin ٥٠٪.While their 
sensitivity to Acacia nilotica extract was ٧٥٪ and Zizphus spina 
christi was ٠٫٠٪. This indicates that ٣٠٪ concentration of Acacia 
nilotica extract is less effective than Ampicillin, Erythromycin, 
Gentamycin and Chloramphenicol for treatment of sore throat caused 
by Staphulococcus hemolyticus. However ٣٠٪ concentration of 
Acacia nilotica extract is more effective than Tetracycline and 
Penicillin. Also this study indicates that ٣٠٪ concentration of Zizphus 
spina christi extract has no effect on   Staphulococcus hemolyticus. 
The sensitivity of  Staphulococcus capitis to Ampicillin was 
١٠٠٪, Erythromycin ٠٫٠٪, Gentamycin ١٠٠٪,Chloramphenicol ١٠٠٪, 
Cloxacillin ٠٫٠٪, Streptomycin ٠٫٠٪,  Tetracycline ١٠٠٪, Penicillin 
١٠٠٪,  Acacia nilotica extract ١٠٠٪ and Zizphus spina christi  extract 
was ٠٫٠٪. This result indicates that ٣٠٪ concentration of Acacia 
nilotica extract is equally effective as Ampicillin, Gentamycin, 
Chloramphenicol, Tetracycline and Penicillin and more effective than 
Erythromycin, Cloxacillin and Streptomycin. Also this study indicates 
that Zizphus spina christi extract has no effect on treatment of sore 
throat caused by Staphulococcus capitis. 
The sensitivity of Corynebaterium dithpheriae to Ampicillin 
was ١٠٠٪, Erythromycin ٠٫٠٪,Gentamycin ١٠٠٪,Chloramphenicol 
٠٫٠٪, Cloxacillin ٠٫٠٪,Streptomycin١٠٠٪,Tetracycline ١٠٠٪, 
Penicillin١٠٠٪, Acacia nilotica extract ١٠٠٪ and Zizphus spina christi  
extract was ٠٫٠٪. This results indicates that ٣٠٪ concentration of 
Acacia nilotica extract is equally effective as Ampicillin, Gentamycin, 
Streptomycin, Tetracycline and Penicillin and more effective than 
Erythromycin and  Cloxacillin. ٣٠٪ concentration Zizphus spina 
christi extract has no effect on treatment of sore throat caused by 
Corynebaterium dithpheriae. 
The sensitivity of Corynebaterium ulcerans examined in this 
study to Ampicillin was ١٠٠٪, Erythromycin ١٠٠٪, Gentamycin ١٠٠٪, 
Chloramphenicol ٠٫٠٪, Cloxacillin ٠٫٠٪, Streptomycin١٠٠٪, 
Tetracycline ١٠٠٪, Penicillin١٠٠٪, Acacia nilotica extract ١٠٠٪ and 
Zizphus spina christi  extract was ٠٫٠٪. These results indicates that 
٣٠٪ concentration of Acacia nilotica extract is equally effective as 
Ampicillin, Erythromycin, Gentamycin, Streptomycin, Tetracycline 
and Penicillin for treatment of sore throat caused Corynebaterium 
ulcerans. Also this results indicates that ٣٠٪ concentration of Zizphus 
spina christi  extract has no effect on treatment of sore throat caused 
Corynebaterium ulcerans. 
The sensitivity of Actinomyces israrlii isolates examined in this 
study to Ampicillin was ١٠٠٪, Erythromycin ١٠٠٪, Gentamycin ١٠٠٪, 
Chloramphenicol ١٠٠٪, Cloxacillin ١٠٠٪, Streptomycin ١٠٠٪, 
Tetracycline ٠٫٠٪, Penicillin١٠٠٪, Acacia nilotica extract ١٠٠٪ and 
Zizphus spina christi  extract was ٠٫٠٪.This results indicate that ٣٠٪ 
concentration of  Acacia nilotica extract is equally effective as 
Ampicillin, Erythromycin, Gentamycin, Chloramphenicol, 
Cloxacillin, Streptomycin and Penicillin but it is more effective than 
Tetracycline for treatment of sore throat caused by Actinomyces 
israrlii. While ٣٠٪ concentration of Zizphus spina christi extract has 
no effect on Actinomyces israrlii isolated from sore throat infection in 
Khartoum state.  
The sensitivity of Haemophilus influenzae isolates to 
Cloxacillin was ٠٠٫٠٪, Erythromycin ٢٢٫٢٪, Tetracycline ٦٦٫٦٪, 
Ampicillin while their sensitivity to Acacia nilotica extract was ٦٦٫٦٪ 
and Zizphus spina christi extract was ٣٣٫٣٪ as shown in table ٨. This 
indicates that ٣٠٪ concentration Acacia nilotica water extract is more 
effective than Cloxacillin and Erythromycin and is equally effective as 
Tetracycline for treatment of sore throat caused by Haemophilus 
influenzae. Also this study indicates that ٣٠٪ concentration Zizphus 
spina christi extract is more effective than Cloxacillin and 
Erythromycin for treatment of sore throat caused by Haemophilus 
influenzae in Khartoum state as shown in table ٨. 
The antibacterial effect of Acacia nilotica  extract observed in 
this investigation may be due to the presence of tannic acid in Acacia  
nilotica which inhibit the growth of the bacteria (Smith and Mackie 
٢٠٠٤; Smith et al., ٢٠٠٣) or may be attributed to other active 
component in Acacia nilotica extract .      
These results illustrated that Acacia nilotica is effective for 
treatment of sore throat, also these results support that Acaci nilotica 
var nilotica is tradionally used for treatment of sore throat (ElGhazali 
et al., ٢٠٠٠).  
  
 
 
 
 
 
 
 
 
Conclusion and Recommendations 
  Conclusion: 
   It can be concluded that:     
١)    It is probably that ٩٠% of sore throat cases in Khartoum state are             
caused by bacterial infection. 
٢)  The most common organisms associated with sore throat in 
Khartoum state were Streptococcus spp, especially Streptococcus 
pyogenes. 
٣)  Ampicillin is the drug of choice as most of the isolated bacteria 
(٩٧,٦٧%) were sensitive to it and Penicillin is the second drug of choice 
as ٩٣,٠٢% of the isolates were sensitive to it. 
٤)  Water extract of Acacia nilotica var nilotica it my be used for 
treatment of sore throat infection.  
٥)   Water extract of Zizphus spina christi was less effective for 
treatment of sore throat infection as most of the isolates did not show 
any response to it. However, it is recommended that the fruit (nabag) 
to be eaten by throat infected children as it is moderately effective and 
inhibited the growth of some bacteria isolated in this study and 
moreover it is rich in vitamins especially vitamin C. 
 
 
٦) This investigation reported for the first time the isolation of 
Staphylocoocus hemolyticus, Staphylocoocus capitis and Actinomyces 
israelii from sore throat patient. 
 
Recommendations: 
١)    Further study using methanol, ethanol and petroleum ether 
extracts of Acacia nilotica and Zizphus spina Christi using the other 
two methods, cup plate method and agar dilution method is 
recommended. 
٢)   Phytochemical screening of water, methanol, ethanol and 
petroleum ether extracts of Zizphus spina christi and Acacia nilotica 
should be carried out to identify their active ingredients.  
 
  
REFERENCES 
 
Aitken, C., and Jeffries, D.J. (٢٠٠١). Nasocomial Spread of Viral 
Disease. Journal of Clinical Microbiological Reviews, ١٤(٣): 
٥٢٨-٥٤٦.  
Akendengue, B.F., Roblot, P.M., Loiseau, C., Bories, E., 
NgouMilama, A., Laurens, and Hocquemiller, R. (٢٠٠٢). 
Klaivanolide, an antiprotozoal lacton from Uvaria Klaineana. 
Phytochemistry, ٥٩: ٨٨٥-٨٨٨.   
Anonymous. (١٩٧٦). The wealth of India. A dictionary of India raw 
materials and industrial products Vol XI:X-Z.Council of 
Scientific and Industrial Research, New Delhi, ٢: ١١١-١٢٤. 
Apalsch, A.M., Green, M., Ledesma-Media, J., Nour, B. and 
Wald., E.R. (١٩٩٥). Parainfluenza and influenza virus infection 
in pediatric organ transplant recipients. Journal of Clinical 
Infectious Diseases, ٢٠: ٣٩٤-٣٩٩. 
Arola, M.T., Ziegler, O., Ruuskanen, J., Mertsola, K., Nanto-
Salonen and Halonen, P. (١٩٨٨). Rhinovirus in acute otitis 
media. Pediatrics, ١١٣: ٦٩٣-٦٩٥. 
Barrow, G.I., Feltham, R.K.A. (١٩٩٣). Cown and Steel's Manual for 
Identification of Medical Bacteria. ٣rd ed. Cambridge University 
Press, Cambridge, U.K. 
Benjamin, J., Perrielo, V. A. (١٩٧٦). Pharyngitis due to Group C 
hemolytic streptococci in children. Pediatrics, ٨٩: ٢٥٤-٢٥٥. 
Bisignano, G., Germano, M.P., Nastro, A., Sanogo, R. (١٩٩٦). 
Drugs used in Africa as dyes: antimicrobial activies. 
Phytotherapeutic Research, ٩: ٣٤٦-٣٥٠. 
Bisno, AL., Stevens, D.L., Manddell, G.L., Bennett, J.E., Dolin, R. 
(٢٠٠٠). Streptococcus pyogenes (Including Streptococcal toxic 
shock syndrome and necrotizing fascitis) In: Principles and 
practice of infectious Disease,vol ٥ (New York: Churchill living 
stone Inc), ٢: ٢١٠١-٢١١٧. 
Cammue, B.P.A., De Bolle, M.F.C,, Terras, F.R.G., Proost, P,, 
Damme, J.V., Rees, S.B,, Vanderleyden, J. and Broekaert, 
W.F. (١٩٩٢). Isolation and characterization of a novel class of 
plant antimicrobial peptide from Mirabilis jalapal. Seeds. 
Journal of Biological chemistry, ٢٦٧: ٢٢٢٨-٢٢٣٣. 
Carter, G.R. (١٩٨٦). Essentials of Veterinary Bacteriology and 
Mycology, ٣rd edition. 
Charpentier, E. and Tuomanen, E. (٢٠٠٠). Mechanisms of 
antibiotic resistance and tolerance in Streptococcus pneumoniae. 
Microbes and Infection, ٢: ٢٨٥٥-٢٨٦٤. 
Cheesburgh, Monica. (٢٠٠٠). Distric Laboratory Practice in 
Tropical Countries Part II, Cambridge University Press, 
Cambridge, U.K. 
Colle, J.G., Marr, W., Fraser, A.G. and Simmones, A. (١٩٨٩). 
Mackie and McCartineies Practical Microbiology, ١٣th ed., 
Churchill Livingston, London. 
Cosentino, S., Tuberoso, C.I.,  Pisano, B., Satta, M., Masscia, V., 
Arzedi, E. and Palmas, F. (١٩٩٩). In-vitro antimicrobial 
activity and chemical composition of Sardinian. Thymus 
essential oil. Letters in  Applied  Microbiology, ٢٩: ١٣٠-١٣٥. 
Couch, R.B. (١٩٩٦). Rhino viruses: In B.N. Fields, D.M.Knipe, 
P.M.Howley, R.M. Chanock, T.P. Monath, J.L. Meinick, and 
B.Roizman (ed), Fields̀ Virology. Lippincott-Raven, 
Philadelphia, Pa. 
Crook, D.W. and Spratt, B.G. (١٩٩٨). Multiple antibiotic resistance 
in Streptococcus pneumoniae. British  Medical Bulletin, ٥٤: ٥٩٥-
٦١٠.  
Cruickshank, R., Duguid, J.P., Marino, B.P. and Swain, R.H. 
(١٩٧٥). Medical Microbiology: The Practice of Medical 
Microbiology, ١٢th ed., Vol. ٢. 
Dahot, U.M. (١٩٩٨). Antimicrobial activity of small Protein of 
Moringa oleifera leaves. Journal of Islamic Academy of Science, 
١١(١): 
Dajani, A., Taubert, K., Ferrieri, P., Peter, G., Shulman, S. 
(١٩٩٥). Treatment of acute Streptococcal pharyngitis and 
prevention of rheumatic fever: a statement for health 
professionals. Pediatrics,  ٩٦: ٧٥٨-٧٦٤. 
David, L.H, Caroly, J. H., and Andrew, C. (٢٠٠٣). Transcriptional 
regulation in Streptococcus pneumoniae rIr A pathogenicity IsI et 
by RIrA. Journal of Bacteriology, ٢ (١٨٥): ٤١٣-٤٢١.  
Delorenzi, J.C., Attias, M., Gattass, C.R., Andrade, M., Rezende, 
C., Cunha Pinto, A.da., Henriques, A.T., Bou-Habib, D.C. 
and Saraiva, E.M. (٢٠٠١). Antileishmanial activity of an indole 
alkaloid from Peschiera australis. Antimicrobial Agents and 
Chemotherapy, ٤٥: ١٣٤٩-١٣٥٤. 
Delorenzi, J.C., Freire-deLima, L., Gattass, C.R., deAndrade 
Costa, D., M.E.Kuehne, L.He, and Saraiva, E.M. (٢٠٠٢). In 
vitro antiactivity of iboga alkaloid congeners coronaridine and 
١٨-methoxycoronaridine against Leishmania amazonensis. 
Antimicrobial Agents and Chemotherapy, ٤٦: ٢١١١-٢١١٥. 
El Ghazali, G. E. B., Abdalla, W.E., Ibrahim, M. A. M., Ghobrial, 
R.A. (٢٠٠٠). Bibliography of Sudanese Medicinal Plants. 
National Center Research Medicinal and Aromatic Plants 
Research Institute. Khartoum.  
El Ghazali, G.E.B., A. Bari, E., Bashir, A.K., Salih, A.K.M. 
(١٩٨٧). Medicinal Plants of the Sudan Part II. Medicinal Plants 
of the Eastern Nuba Mountains. National Council for Research- 
Medicinal and Aromatic Plants Research Institute, Khartoum.  
El Ghazali, G.E.B., Tohami, M.S., El Egami, A.B. (١٩٩٤). 
Medicinal Plants of the Sudan Part III. Medicinal Plants of the 
White Nile Provinces. National Center for Research Medicinal 
and Aromatic Plants Research Institute. Khartoum.  
Elamin, Misam, O. (٢٠٠٤). Aerobic bacteria associated with sore 
throat infections in Khartoum. M.Sc. Thesis, University of 
Khartoum.   
Feldman, S., Bisno, A.L., Lott, L., Dodge, R. and Jackson, R.E. 
(١٩٨٧). Efficacy of benzathine penicillin G in group A 
Streptococcal pharyngitis: revolution. Pediatrics, ١١٠: ٧٨٣-٧٨٧. 
Geo, F.B., Janet, S.B. and Stephan, A.M. (٢٠٠١). Medical 
Microbiology, ٢٢th ed. Printed in the United State of America. 
Gern, J.E. and Busse, W.W. (١٩٩٩). Association of  rhino viruses 
infections with asthma. Clinical  Microbiology Reviews, ١٢: ٩-
١٨.  
Gillespie, S.H. and Balakrishanan, I. (٢٠٠٠). Pathogenesis of 
pneumococcal infection. Journal of Medical Microbiology, ٤٩: 
١٠٥٧-١٠٦٧. 
Greiner, O., Berger, C., Day, P.J.R., Meier, G., Tang, C.M., 
Nadal, D. (٢٠٠٢). Rates of Detection of Neisseria meningitides 
in Tonsils Differ in Relation to local Incidence of Invasive 
Disease. Journal of Clinical Microbiology, ٤٠ (١١): ٣٩١٧-٣٩٢١. 
Hammer, K.A., Carson, C.F., Rieley, T.V. (١٩٩٩). Antimicrobial 
activity of essential oils and other plant extracts. Journal of 
Applied  Microbiology, ٨٦: ٩٨٥-٩٩٠.  
Hejgaard J., Jacobsen S., Bjorn, S.E. and Kragh, K.M. (١٩٩٢). 
Antifungal activity of chitin binding PR-٤ type protein from 
barley grain and stressed leaf. Journal of Federation of European 
Biochemistry Society Letters, ٣٠٧: ٣٨٩-٣٩٢.  
Hill, H.R., Caldwell, G.G, Wilson, E., Hager, D. and Zimmerman, 
R.A. (١٩٦٩). Epidemic of pharyngitis due to Streptococci of 
Lancefield Group G. Lancet, ٢: ٣٧١-٣٧٤. 
Huck, W., Reed, B.D., French, T. and Mitchi, R.S. (١٩٨٩). 
Comparison of the Directigen ١-٢-٣ Group A Strepto Test for 
Detection of Group A Beta-Hemolytic Streptococci. Journal of 
Clinical Microbiology, pp: ١٧١٥-١٧١٨. 
Jalava, J., Vaara, M., Huovinen, P. (٢٠٠٤). Mutation at the position 
٢٠٥٨ of the rRNA as a cause of macrolide resistance in 
Streptococcus pyogenes. Ann. Clinical Microbiology 
Antimicrobiology, ٣(١): ٥. 
Jasir, A., Tanna, A., Noorani, A., Mirsalehian, A.E., Fstratiou, A. 
and Schalen, C. (٢٠٠٠). High Rate of Tetracycline Resistance in 
Streptococcus pyogenes in Iran: an Epidemiological study. 
Journal of Clinical Microbiology, ٣٨(٦): ٢١٠٣-٢١٠٧. 
Jawanda, J.S., Bal, J.S. (١٩٧٨). The ber, highly paying and rich in 
food value. Indian Hortic, Oct-Dec.١٩-٢١. 
Kalpan, E.L. (١٩٩٧). Recent evaluation of antimicrobial resistance in 
beta hemolytic Streptococci. Journal of Clinical Infectious 
Diseases, ٢٤(Sup ١١): S٨٩-S٩٢. 
Kayser, O., Kiderlen, A.F. and Croft, S.L. (٢٠٠٣). Antileshmanial 
activity of two α-pyrogenes from Podolepsis hieracioides 
(Asteraceae). Acta Tropica, ٨٦: ١٠٥-١٠٧. 
Kumar, P. and Clark, M. (١٩٩٦). Clinical Medicine. Third ed., 
W.B. Saunders Company Ltd. 
Kuper, C.F., Koornstra, P.J., Hameleers, D.M.H., Biewenga, J., 
Sprit, B.J., Duijvestijin, A.M., Van Breda Vriesman, P.J.C. 
and Sminia, T. (١٩٩٢). The role of nasopharyngeal lymphoid 
tissue. Immunology Today, ١٣: ٢١٩-٢٢٤.  
Linthorst, H.J.M. (١٩٩١). Pathogenesis related proteins of plants. 
Journal of Critial Review Plant Science, ١٠:١٢٣-١٥٠. 
Lis-Balchin, M. and Deans, S.G. (١٩٩٦). Antimicrobial effects of 
hydrophilic extracts of Pelargonium species (Geraniacee). 
Letters in Applied Microbiology, ٢٣: ٢٠٥-٢٠٧. 
Lowbury, E.J.L. and Cason, J.S. (١٩٥٤). Aureomycin therapy for 
Streptococcus pyogenes in burns. British Medical Journal, ١: 
٩١٤-٩١٥. 
Lowbury, E.J.L. and Hurst, L. (١٩٥٩). The sensitivity of 
Staphylococci and other wound bacteria to erythromycin, 
oleandomycin and spiramycin. Journal of Clinical Pathology, 
١٢: ١٦٣-١٦٩. 
MacLennan, J.M., Shackley, F., Health, P.T., Deeks, J.J., 
Flamank, C.,   Herbert, M., Griffiths, H., Hatzmann, E., 
Goilav, C. and Moxon, E.R. (٢٠٠٠). Safety immunogenicity 
and induction of immunologic memory by a sero-group C 
Meningococcal conjugate vaccine in infants: arandomized 
controlled trail. Journal of the American Medical Association ( 
JAMA), ٢٨٣: ٢٧٩٥-٢٨٠١ 
MacSween, R.N.M. and Whaley, K. (١٩٩٢). Mair ̀s Text Book of 
Pathology. Thirteen ed., Edward Arnold. 
Maher, E.A., Bate, N.J., WNIY, E.L., Dixon, R.A. and Lamb, C.J. 
(١٩٩٤). Increased disease susceptibility of transgenic tobacco 
plants with suppressed level of preformed phenyl propanoid 
products. Proceedings National Academy of Science US, ٩١: 
٧٨٠٢-٧٨٠٦. 
Mangena, T. and Muyima, N.Y.  (١٩٩٩). Comparative evaluation of 
the antimicrobial activities of essential oils of Artemisia afra, 
Pteronia incana and Rosmarinus officinalis on selected bacteria 
and yeast strains. Letters in Applied Microbiology, ٢٨: ٢٩١-٢٩٦. 
Maoz, M. & Neeman, I. (١٩٩٨). Antimicrobial effect of equeous 
plant extracts on the fungi Microsporum canis and Trichophyton 
rubrum and on three bacterial species. Letters in Applied 
Microbiology, ٢٦ : ٦١-٦٢. 
 
McCullers, J.A. and Tuomanen, E.I. (٢٠٠١). Molecular 
pathogenesis of pneumococcal pneumonia. Frontiers in 
Bioscience, ٦D: ٨٧٧-D: ٨٨٩. 
Monto, A.S. (١٩٩٤). Studies of the community and family: acute 
respiratory illness and infections. Journal of Epidemiological 
Review, ١٦: ٣١٥-٣٧٣.  
Neal, R.A., Croft, S.L. and Nelson, D.J. (١٩٨٥). Anti-leshmanial 
effect of allopurinol ribonucleoside and the related compounds, 
allopurinol, thiopurinol, thiopurinol ribnucleoside, of formycin B 
sinefungin and the lepidine WR٦٠٢٦. Transactions of the Royal 
Society of Tropical Medicine and Hygiene, ٧٩: ١٢٢-١٢٨. 
Nostra, A., Germano, M.P., Angelo, D.V., Marino, A. and 
Cannatelli, M.A. (٢٠٠٠). Extraction methods and bioautography 
for evaluation of medicinal plant antimicrobial activity. Letters in 
Applied Microbiology, ٣٠(٥): ٣٧٩-٣٨٤. 
Oketech-Rabah, H.A., Dossaji, S.F., Christensen, S.B., 
Frydenvang, K., Lemmich, E., Cornett, C., Olsen, C.E., 
Chen, M., Kharazmi, A. and Theander, T. (١٩٩٧). 
Antiprotozoal compounds from Asparagus africanus. National 
Product Reports, ٦٠: ١٠١٧-١٠٢٢. 
Olive, D.M.S., AL-Mufti, W., AL-Mulla, M.A., Khan, A., Pasca, 
G. S., and AL Nakib, W. (١٩٩٠). Detection and differentiation 
of picrona viruses in clinical samples following genomic 
amplification. General Virology, ٧١: ٢١٤١-٢١٤٧. 
Omer, E.E. (١٩٩٠). Review of Medical Bacteriology. ١st ed., Sudan, 
Almarwah Printing. 
Oxoid. (١٩٩٣). The Oxoid Manual of culture media ingredient and 
other laboratory service. ٣rd ed. England, Cambridge. 
Pitkaranta, A., Arruda, E., Malmberg, H. and Hayden, F.G. 
(١٩٩٧). Detection of rhino virus in sinus brushings of patients 
with acute community acquired sinusitis by reverse transcription 
PCR. Journal of Clinical Microbiology, ٣٥: ١٧٩١-١٧٩٣. 
Quinn, R.W. (١٩٨٩). Comprehensive review of morbidity and 
mortality trends for rheumatic fever, Streptococcal disease, and 
scarlet fever: the decline of rheumatic fever. Review of Infectious 
Diseases, ١١: ٩٢٨-٥٣. 
Roberts, W.K. and Selitrennikoff, C.P. (١٩٨٦). Isolation and partial 
characterization of two antifungal proteins from barley. 
Biochemica et Biophysica Acta., ٨٨٠:١٦١-١٧٠. 
Satish, G. (١٩٩٥). Short Text book of Medical Microbiology. ٦th ed., 
Lordson Publisher (P) Ltd; Delhi. 
Schuchat, A.K., Robinson, J.D., Wenger, L.H., Harrison, M., 
Farley, A.L., Reingold, L., Lefkowitz, B.A., Perkins, et al. 
(١٩٩٧). Bacterial meningitis in the United State in ١٩٩٥. The 
New England Journal of Medicine, ٣٣٧: ٩٧٠-٩٧٦.  
Smith A.H., Imlay J.A., Mackie R.I. (٢٠٠٣). Increasing the 
oxidative stress response allows Escherichia coli to overcome 
inhibitory effects of condensed tannins. Journal of Applied 
Environmental Microbiology, ٦٩(٦): ٣٤٠٦-١١.  
Smith, AH., Mackie, RI. (٢٠٠٤). Effect of condensed tannins on 
bacterial diversity and metabolic activity in the rat 
gastrointestinal tract. Journal of Applied Environmental 
Microbiology, ٧٠(٢): ١١٠٤-١٥. 
Tack, K.J., Henry, D.C., Gooch, W.M., Brink, D.N., Keyserling, 
C.H. (١٩٩٨). Five-Day Cefdinir Treatment for Streptococcal 
Pharyngitis. Antimicrobial and Chemotherapy, ٤٢(٥): ١٠٧٣-
١٠٧٥. 
Terras, F.R.G., Schoofs, H.M.E.,.De Bolle, M.F.C., Van Leven, F., 
Rees, S.B., Vanderieyden, J., Cammue, B.P.A. and Broekaert, 
W.F. (١٩٩٢). Analysis of two novel classes of antifungal 
proteins from radish (Raphanus sativaus L) seeds. Journal of 
Biological Chemistry, ٢٦٧: ١٥٣٠١-١٥٣٠٩. 
Tomaz, A. (١٩٩٧). Antimicrobial Resistance in Streptococcus 
pneumoniae. Journal of Clinical Infectious Diseases, ٢٤: S٨٥-
S٨٨. 
Turidge, J. (٢٠٠١). Resposible prescribing for upper respiratory tract 
infections. Journal of Bacteriology, ١٦(١٤): ٢٠٦٥-٧٧. 
Van Etten, H.D., Matthews, D.E. and Matthews, P.S. (١٩٨٩). 
Phytoalexin detoxification importance for pathoge:icity and 
practical implications. Annual Review of Phytopathology ,٢٧: 
١٤٣-١٦٤. 
Whimbey, E., Champlin, R.E., Couch, R.B., Englund, J.A.,  
Goodrich, J.M., Raad, L., PrzepiorKa, D.,  Lewis, V.A., 
Mirza, N., Yousof, H., Tarrand, J.J., and Bodey, G.P. (١٩٩٦). 
Community respiratory virus infections among adult bone 
marrow transplant recipients. Journal of Clinical Infectious 
Diseases, ٢٢: ٧٧٨-٧٨٢. 
Woo, P.C.Y., Fung, A.M.Y., Lau, S.K.P., Wong, S.S.Y., Yuen, 
K.Y. (٢٠٠١). Group G Beta-Hemolytic Streptococcal Bacteremia 
Characterized by ١٦S Ribosomal RNA Gene Sequencing. 
Journal of Clinical Microbiology, ٣٩(٩): ٣١٤٧-٣١٥ 
